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DaxTOophI OKpy>KaKOIell CPEABI MOTYT OKA3bIBATh BAMSHIE HA Pa3ANYHbIC 3BeHbsI UMMYHHUTETA, IIOTEHIMPYs $OPMHUPOBaHHE
MMMYHOIIATOAOTMYECKHX IIPOLIECCOB, A€KAIIUX B OCHOBE Pa3BUTUS OOABIION IPYIIIBL 330 0A€BAHMUIL.

LTeAb MCCAEAOBAHNUSI — AHAAM3 PE3YABTATOB IKCIIEPHMEHTAABHBIX 1 HAOAIOAATEABHBIX HCCAEAOBAHHIT [0 OLIEHKE BAMSIHIS IIy-
Ma, BuOpanuy, OMIT Ha UMMYHOAOTHYECKHE [OKA3aTeAN.

Cpear MeXaHM3MOB BO3ACHCTBIS QU3MYECKUX GAKTOPOB HA UMMYHHYIO CHCTEMY OOABLIMHCTBO aBTOPOB BBIACASIIOT ACHCTBUE
yepe3 HEHPOIHAOKPHHHYIO CUCTEMY U IIOTeHIIMPOBAHHe OKHCAUTEABHOTO CTPecca.

OKCIIepUMeHTaAbHble HCCACAOBAHUS Ha AAOOPATOPHBIX XKMBOTHBIX 10 OLiEHKe BOBACHCTBUS LIyMa HA UMMYHHYIO CHCTEMY
AEMOHCTPHPYIOT BAMSHHE LIYMA HA [I0KA3aT€AH KAETOYHOTO U I'YMOPAABHOTO MMMYHUTETd, HHTEHCUBHOCTb AAAEPIHIeCKOMH
PeaKIuy, YyBCTBUTEABHOCTDb K MHPEKIJMOHHBIM areHTaM.

PesyabraTsl 06CA€AOBaHUIT PAOOTHUKOB, OABEPTAOLIMXCSI BO3ACHCTBHIO IIPOM3BOACTBEHHOM BUOPALINY, CBUAETEABCTBYIOT
0 BAMSIHHE 3TOTO IIPOU3BOACTBEHHOTO GaKTOpa Ha I'YMOPAABHbIN, KA€TOUHBIM HIMMYHHTET, IUTOKUHOBbII CTATyC, OAHAKO BBI-
SIBASiEMbIe M3MEHEHHs] AAHHBIX IMMYHOAOTHYECKHX II0Ka3aTeAell MOT'YT OBITh Pa3HOHAIIPABACHHBIMI.

OKCIepuMeHTAABHbIE HCCAGAOBAHUS it Vitro CBUACTEABCTBYIOT, UTO IOCAe BodpericTsrsa OMII Ha IMMyHHbIE KAETKY B HHX BBI-
SIBASIFOTCSI MHOTOUHCAEHHBIE U3MeHeHUs. IMer0Tcst HccaepAOBaHMS, ACMOHCTPUPYIONINe H3MeHeHHe [I0Ka3aTeAell IMMYHHOM
CHCTeMbI Y AUI], TIOABEpPraroIuxcs BosaericTauio IMIL

Taxum 06pa3oM, aHAAU3 AUTEPATYPHBIX HCTOYHUKOB CBHACTEABCTBYET O BAMSHUY QU3NYECKIX IPOU3BOACTBEHHBIX GaKTOPOB
(mxym, Bubpanus, DMIT) Ha IMMYHHBI CTATyC OPTaHM3MA, YTO OTPEACASIET MePCTIeKTHBHOCTb HCCACAOBAHMIY, HATPABACHHBIX
Ha pa3pabOTKy KpUTEPHEB OLIeHKH H3MEeHEeHHUI IMMYHOAOTHYECKHX TOKA3aTeACH AASI BRIACACHHS TPYIII IIOBBIIEHHOTO PHCKa
PA3BUTHS IATOAOTHH.

KaroueBbie cAOBa: uiyM; UOPAYUS; IACKMPOMAZHUMHBIE NTOAS; UMMYHHDLI CIAMYC; AUMPOYUMbL; UMMYHOZAOOYAUHBI; YUMOKUHbL
Aas nuraposannst: Kyssmuna AI1, Mismeposa H.H., Xoryaesa A.IL, LTupmabkosckas O.C., Kucaskosa A.A., Muau X. Ban-
AHUe PUIMYECKHX IPON3BOACTBEHHDBIX PAaKTOPOB HA HMMYHHYIO cucTemy. Med. mpyda u npom. axoa. 2023; 63(11): 694-701
https://elibrary.ru/hansax https://doi.org/10.31089/1026-9428-2023-63-11-694-701

Aast koppecnonpennun: Xomysesa Anacmacus Ipuezopvesnd, CT. Hayd. COTp. Aab. MEAHKO-OMOAOTHYECKHX HCCAEAOBAHHUI
OI'BHY «Hayuno-nccAeAOBaTeAbCKHI MHCTUTYT MEAULIMHE! TPyAa uMeHM akapemuka H.O. MiamepoBax, kaHA. Mea. Hayk.
E-mail: hotuleva_an@mail.ru

Bxaap aBTOpos:

Kysomuna A.I1. — KOHIEIIUS U AU3AIH 0030pa, peAaKTHPOBaHHUE;
Hsmeposa H.H. — KOHL|EMIUS ¥ AM3AH 0630pa, peAaKTUPOBAHMUE;
Xomyaesa A.I — cbop, 06paboTka MaTepuaAa 1 HalUCAHKE TEKCTA;
Luduavkosckas 3.C. — cbop, 06paboTKa MaTepraAa 1 HallUCAHKeE TEKCTA;
Kucaskosa A.A. — cbop, 06paboTKa MaTepHaAa;

Muau X. — cbop MarepHaaa.

®unancuposanne. VccaepoBaHue He IMEAO CIIOHCOPCKOH TTOAACPIKKH.
KoH@AUKT HHTepecOB. ABTOPHI CTATbU COOOWAIOT 06 OTCYTCTBHH KOHPAMKTA HHTEPECOB.
Aama nocmynaenus: 28.11.2023 / Aama npunsmus k newamu: 01.12.2023 / Aama nybauxayuu: 15.12.2023

Lyudmila P. Kuzmina"?, Natalia I. Izmerova', Anastasia G. Khotuleva'?, Elvira S. Tsidilkovskaya'?, Agata A. Kisljakova',
Haithem Mili*

The influence of physical occupational factors on the immune system

'Tzmerov Research Institute of Occupational Health, 31, Budyonnogo Ave., Moscow, 105275;
’L.M. Sechenov First Moscow State Medical University (Sechenov University), 8/2, Trubetskaya St., Moscow, 119991

694

Environmental factors can influence various parts of the immune system, potentiating the formation of immunopathological
processes underlying the development of a large group of diseases.

The study aims to analyze the results of experimental and observational studies to assess the effect of noise, vibration, and
electromagnetic fields (EMF) on immunological parameters.

Among the mechanisms of the influence of physical factors on the immune system, most authors single out the action through
the neuroendocrine system and the potentiation of oxidative stress.

Experimental studies on laboratory animals to assess the effects of noise on the immune system demonstrate the effect of
noise on cellular and humoral immunity, the intensity of an allergic reaction, and sensitivity to infectious agents.

The results of surveys of workers exposed to industrial vibration indicate the influence of this production factor on
humoral, cellular immunity, and cytokine status, however, the detected changes in these immunological parameters may be
multidirectional.

In vitro experimental studies indicate that after exposure to EMF on immune cells, numerous changes are detected in them.
There are studies demonstrating changes in the immune system in people exposed to EMF.

Thus, the analysis of literary sources indicates the influence of physical production factors (noise, vibration, EMF) on the
immune status of the body, which determines the prospects of research aimed at developing criteria for evaluating changes
in immunological parameters to identify groups at increased risk of developing pathology.
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Bepenne. Pannee BbIABACHME IPH3HAKOB BO3AEHCTBUA
HeDOAAronpUsTHHIX PAKTOPOB pabodeil CPeABl H TPYAOBOTO
IIpoLjecca Ha OPraHU3M PabOTAIOMKX SIBASETCS BaXHOM 3a-
Adueil IPH H3YYeHUH COCTOSIHUS 3A0POBbs pabOTHUKOB. ITop
AefiCTBHEeM HeDOAArOmpHATHBIX IPOM3BOACTBEHHBIX (aKTO-
POB B OpraHH3Me MPOUCXOAAT H3MeHEHHUS HA MOAEKYASIPHOM
U KACTOYHOM YPOBHSX, U3MEHSIOTCS YPOBHH UMMYHOAOTHU-
9eCKHX, FeMATOAOTHYECKHX, OHOXUMUIECKUX MAPKepOB, IO-
KasaTeAeil OKHCAMTEABHOTO META0OAU3MA, TOPMOHOB U AD.

VIMMyHHas cuCTeMa OTHOCHTCS K BaXKHEHIIHNM 3aIUTHBIM
U PEryAATOPHBIM CHCTEMAaM OPTaHM3Ma, OT COCTOSHUSI KOTO-
PBIX 3aBUCHT QAANTaL¥s K PA3AUYHBIM YCAOBHSM BHeIIHeH
CPeADI M pa3BUTHE OTBETHBIX PEaKIIMil Ha BO3ACHCTBHE CTpec-
COPHBIX $aKTOPOB, B TOM YHCAE€ U MPOU3BOACTBEHHBIX | 1].
DakTOpBI OKpYIKAIOIIEl CPEAbl MOTYT OKA3bIBATh BAHSHHUE Ha
COCTOSIHME HMMYHHOH CHCTEMBI, BO3ACHCTBYS HA Pa3AMYHbIE
3BeHbs UMMyHuTeTa [2]. IIpu 9TOM BBIpaXXEHHOCTh UMMY-
HOTOKCHYeCKOTo 3¢ deKTa CBSA3aHA He CTOABKO C MHTEHCHB-
HOCTBIO Pa30BOTO BO3AEHCTBHUS, CKOABKO C AAUTEABHOCTBIO
XPOHMYECKOTO HU3KOYPOBHETro Bo3AeHcTBHA pakropos. Ha-
pyuIeHus $yHKIUIA MIMMYHHOM CHCTEMBI MOTYT IIPOSBASTBCS
B BUAE THIIep-, TUIIOQYHKIMH, AUCOYHKIIUHY, B M3MEHEeHUAX
TOAEPAHTHOCTH K aHTUI€HaM, KAUHIYECKHMH [P OSBACHIAMH
KOTOPBIX SIBASIFOTCSI [IOBBIIIEHHAsI 1YBCTBUTEABHOCTD K HaKTe-
PHAABHBIM M BUPYCHBIM HH(EKIIUSIM, Pa3BUTHE Ay TOMMMYH-
HBIX U AAAEPTHYECKIX 3a00A€BAHUIL, OIIyXOACH.

YAeABHBII BeC pabodnX MeCT Ha IPOMBIIMIACHHBIX TIPeA-
npuaTusax Poccuiickoit Pepepariuy, He COOTBETCTBYIOIIUX
TUTMEHMYeCKUM HOPMAaTHBAaM IO OTAGABHBIM (PUIHIECKHM
¢axropam B 2022 r. cocTaBasiA: o mymy — 15,48%, no Bu-
6pauuu (06meit 1 AOKaAbHOM) — 6,5%, 9AEKTPOMArHUTHBIM
noasm (AMIT) — 0,77% [3], uto ompeaeAsieT 3HATEMOCTS
HCCAGAOBAHHUIL B 0OAACTH MEAHIIMHBI TPYAQ, HAIPABACHHBIX HA
U3yJeHHe H3MeHEeHHI IMMYHHOTO CTaTyca IIPU BO3ACHCTBUH
usmgeckux GpakTOpPOB MPOM3BOACTBEHHON CPEADL

B crpykrype mpodeccroHaabHOM 3a60aeBaeMocTh B Poc-
CHU [IepBOe PAHIOBOE MECTO 3aHUMAIOT 320 0ACBAHII U UX 110~
CAEACTBHS, CBA3AHHBIE C BO3ACHCTBHEM IIPOM3BOACTBEHHBIX
¢usnyeckrx GpakTopoB, A0Ad KOTOPhIX B 2022 I. cocTaBHAQ
47,11%. B rpynme npodeccroHaAbHBIX 3a00AeBaHMUI, CBSI-
3aHHBIX C BO3AEHICTBUEM (QH3HYECKUX $PaKTOPOB, 3a00AeBa-
HMS, CBSI3AHHBIE C BO3ACHCTBUEM IMPOU3BOACTBEHHOTO IIIy-
Ma, coCTaBAsiOT 56,07%, cAydanm BUOPaLjMOHHOM 0OAe3HH

— 42,64% [3]. Ilpu aToM B $OpMUPOBAHMH BUOPALHOHHOM
60Ae3HI, HeHPOCEHCOPHOM TYTOYXOCTH UMEIOT 3HAYEHHE HM-
MYHOTATOAOTHYECKUE MeXaHU3MbI |46 ).

ITeAp MccAepOBaHHMSI — aHAAU3 PE3YABTATOB IKCIIEPHU-
MEHTaABHBIX U HabOAIOAQTEABHDBIX HCCAGAOBAHMIL IIO OILieHKe
BAWSIHMSA IryMma, BuOpanuu, OMII Ha uMMyHOAOTHYecKue
IIOKA3aTeAH.

MexaHn3Mbl BO3ACHCTBHSA PH3NIECKHX PaKTOPOB Ha
HMMYHHYIO CHCTeMy. BospelictBue $pusndeckux GpakTopoB
Ha IMMYHHYIO CHCTeMY MOXKET peaAU30BbIBATbCS KAK 3 CUET
HPSIMOTO BO3AEHCTBHS Ha KACTKU U MX QYHKIIMOHAABHYIO aK-
THBHOCTB, TaK M OIIOCPEAOBAHHO Yepe3 BeTreTaTHBHbIE OTACABI
HepBHOM cuctemsl [ 7). Tak 3HAYMMBIM ABASETCS BAMSHUE Ha
HelPOSHAOKPUHHYIO ciCcTeMy (BAMSHHE HA THIIOTAAAMO-TH-
0$HU3aPHO-HAAIOIETHUKOBYI0, CHMIIATOAAPEHAAOBYIO CHCTe-
MBI, I3MeHeHHs! QYHKIHOHHPOBAHHS KOTOPBIX BO3AEHCTBYIOT
Ha MIMMYHHBIi1 cTaTyC) (S, 8] M MHAYKIIMS pa3BUTHS OKUCAU-
TEABHOTO CTPecca, OKa3bIBAIOIIETO MOBPEXXAAIOIee BAMSHUE
Ha 6eaxu, Mem6pansl, AHK HMMyHHBIX KATOK, 9TO TaKKe
MOXeT PUBECTU K Pa3BUTHIO aronTosa [9].

IIlym BbI3bIBAET CTPECCOBYIO PEAKLUIO C YBEAMYEHHEM
YPOBHeil KaTeX0AAMUHOB 1 KopTusoaa [ 10-13]. Yepes rato-
KOKOPTHKOHAHBIE PellellTOPbl, 9KCIIPECCUPYIOMIUecs Ha pas-
AVYHBIX IMMYHHBIX KACTKAX, KOPTU30A BAUSET Ha aKTHBHOCTD
TpanckpunuonHoro ¢akropa NF-kB, peryaupyromero mpo-
AYKIMIO IIMTOKHHOB KAGTKAMH HMMYHHO! CHCTeMsbl Taroke
PETYASIIIHS 9KCIIPECCHU TeHOB LIUTOKHHOB OCYIIECTBASETCS
Jepes aApeHeprudecKue pelenTopsl FIsMeHeH s reHHOM IKc-
IpeCcCHH, BbI3bIBaeMble TAFOKOKOPTHKOHAAMU 1 KaTEXOAAMHU-
HaMH, MOXeT IPHBECTH K AUCPETYASIIIUH UMMYHHOM CHCTEMBI,
IPUBOAS K M3MEHEHHUIO TPAHCIIOPTA, IPOAU(EpALHH UMMYH-
HBIX KAETOK, CEKPELIHH LIUTOKMHOB, IPOAYKIIUU AHTUTEA U LK~
TOAUTHYECKOH aKTHBHOCTH [ 14, 15].

Cynpeccupyoliee AefiCTBHe KOPTH30A2 HA UMMYHHYIO
CHCTeMY NIpOSIBASETCS B CHIDKeHHH akTHBHOCTU NK-KaeTOK
[16], ABASIOMKXCS BaXHBIM KOMIIOHEHTOM BPOXASHHOTO
HMMYHHTETa U 0OAQAAIOIIUX 3AIUTHBIME (YHKLHAMHU IIPO-
THB BUPYCHOI HHEKLMH 1 OITyXOAEBOIo ponecca [17, 18].
Taxke BO3AEMCTBHE KOPTHU30AA CIOCOOCTBYET yMeHbIie-
HUIO a6coAtoTHOTO copepxkanust T-aumpouurtos (CD3*),
T-xeanepos (CD4*), yBeAudeH#e TIPOLIEHTHOTO COAEPIKa-
uus T-cynpeccopos (CD8*), ymenvmenne CD4*/CD8* un-
A€Kca 1 a6COAIOTHOTO KoAmdecTBa B-aumdornuros (CD20%),
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YTO COIPOBOXAAETCS HApYIIeHHeM QyHKIIMOHAABHO-MeTa60-
AMYECKOM aKTUBHOCTH ACHKOLUTOB M AUCOAAAHCOM IPOAYK-
iy nutokuHoB |19, 20]. B onenke cocTosHus UMMYHHOH
CHCTeMBI BAXKHOE 3HAYeHIe MMeeT COOTHOIIeHue T-XeAnepoB
u T-cynpeccopos, Tak KaK OT 9TOTO 3aBHCUT HHTEHCHBHOCTD
MMMYHHOTO OTBeTa: H30BITOYHASI AKTUBHOCTH T-CyIIpeccopoB
HPUBOAHT K IOAABACHHUIO U A00OPTHBHOMY TeUEHHIO HIMMYHHO-
IO OTBETA, YTO HOBBIIAET IIPeAPACIOAOKEHHOCTD K HHPEKIH-
OHHBIM 3300A€BAHISM U 3A0KAYeCTBEHHOMY POCTY.

Ha ocHOBaHMM MHOrOYHCACHHBIX HCCAGAOBAHHI IIOKa3aHa
poab ¢pusudeckux pakropos (mryma [21, 22], Bubpanum [23],
9AEKTPOMATHUTHBIX ToAelt [ 24]) B HHAYKIMH OKCHAAQTUBHOTO
CTpecca, HIPAIOLIero BaXKHYIO POAb B Pa3BUTHH Pa3AMYHBIX
IATOAOTMYECKMX IIPOLIeCCOB.

QyHKIIMOHMpPOBaHNE MMMYHHOH CHCTeMbl HepasphIB-
HO CBSI3aHO C 00pa3sOBaHMEM AKTHUBHBIX (OPM KHCAOPOAA
(A®K) u akTHBHBIX pOpPM a30Ta, KOTOPbIE HUIPAOT BAXKHYIO
POADb B AMMHHAITMH Iy>KePOAHBIX HAU ITOBPEXKAEHHBIX KAe-
TOK IIyTEM (aroluTo3a U y4aCTBYIOT B BOCIIAAUTEABHOH peak-
LJMM U aKTHBALMK IMMYHHOTO oTBeTa [ 24, 25]. [IpucyTcrsue
CBOOOAHbIX PAAHKAAOB HHAYLIUPYET MOCTOSHHYIO aKTHUBALIHIO
IPaHyAOIUTOB U Makpogaros, mpoayrupyromux AQK, Ho co-
CTOSTHHE TIOCTOSIHHO! aKTHBAIJMM B HEKOTOPBIX CAYYasX MO-
JeT IPUBECTH K HCTOWEHHI0 MMMYHHOI cuctemsl [26, 27].
ITpu uz6srrounoi mpoayxuuu AQK moryT raxoke BO3HHKATh
HMMYHOIIATOAOTHYECKHe HapyIIeHNUs], CBA3aHHbIE C IIOBPEX-
A€HHEeM MMMYHHbIX KATOK [ 28 ], moBblIeHreM prcKa pasBy-
THS Ay TOUMMYHHO IIATOAOTHH B CBA3H C OKUCAUTEABHOH MO-
audukanmeit cobcrserHbix 6eaxos [29, 30].

BosaeficTBre nmrymMa Ha HMMYHHYIO cucTemy. Ilo aan-
HBIM TPOBEAEHHBIX UCCACAOBAHMI BO3AEHCTBHE IIyMa Ha
OPTraHM3M BbI3BIBAET HAPYLIEHHs QYHKIMI PA3AUYHbIX 3Be-
HbeB MMMYHHOM CHCTEeMBI: CHCTeMBI HeCreliuuieckoi uM-
MYHHOH 3aIJUThl, KACTOYHOTO U TyMOPAABHOTO MUMMYHHTE-
Ta [S, 20, 31-33], npu 5TOM myM pasHON UHTEHCUBHOCTH
U IIPOAOAXKUTEABHOCTH MOXKET BBI3BIBATh Pa3AMYHBIE H3MEHe-
HHS B UIMMYHHOIT cucteme [S, 21, 34, 35].

ViMerorcsl AaHHbBIE, YTO AAUTEABHOE BO3AEHCTBHE IIyMa
B IIporfecce IPodeCcCHOHAABHOMN AESITEABHOCTH ACCOLIMHPO-
BaHO C YBeAUUYEHHeM yPOBHs 001eft 3a60AeBaeMOCTH C Ipe-
o6AapaHueM 60Ae3HEeN OPTaHOB ABIXAQHHS U MHQEKIMOHHBIX
3a60AeBaHMil (IIPeUMYIIECTBEHHO OCTpble PEeCIHpPATOPHbIE
3a60AeBaHMUA), & TAKKE YTIKEACHUIO TeYeHHS HHPEKIHOH-
HBIX 0OAe3Hell M BOSHUKHOBEHUIO APYIHX MATOAOTHYECKUX
npoueccos [20, 36].

OKCrepuMeHTaAbHbIe MCCAGAOBAHMS Ha KPBICAX CBHAE-
TEABCTBYIOT O BAMAHME ITyMa 98-100 ABA Ha cHmxeHume Ko-
AM¥ecTBa AeKOLUTOB [37], mpenMymecTBeHHO AUM$OLH-
T0B [38], XpOHHYECKOE BO3ACHCTBHE IIyMa OKa3bIBAET OIpe-
AeAGHHOE BAMSHME Ha I'yMOPAAbHYIO HMMMYHHYIO QYHKIJHIO,
IpOsIBASIONIeeCs B 3HAYMTEABHOM CHIDKEHHM ypoBHe#l IgA
U OTCYTCTBHH CYIleCTBeHHbIX u3MeHenui B IgG u IgM, no-
sermennu MIA-1 [37].

HccaepoBaHre, CpaBHUBAOIee BAMSHHE BO3ACHCTBHA
myma 90ABA B Teuenue 3 pAHell u 4 HepeAb Ha UMMYHHYIO
QYHKIMIO MblIIeH, ITIOKa3aA0, YTO 3-AHEBHOE BO3AEHCTBHE
IIyMa YCUAMBAAO CIIOCOOHOCTh AUMQOIUTOB K IpoAndepa-
IIUY ¥ IIOBBIIAAO KOHIeHTpanuio IgM criBopoTky, 4-HepeAb-
HOe BO3AeHCTBHE ITyMa ITOAABASIAO AAANITHBHBIN IMMYHUTET.
PazAndus n3MeHeHui oKa3aTeAell MIMMYHHOM CHCTeMbI IIpU
KPaTKOBPeMEHHOM H XPOHHMYEeCKOM BO3AEHCTBUM IIyMa IO-
Ka3bIBaeT 1 HCCAGAOBAHHUE, ACMOHCTPHpYIOllee IOBbIIEHHEe
KOAMYECTBA U aKTUBHOCTD T-Aum¢onuTos, IgM y Mbimeit mpu
KPAaTKOBPEeMEHHOM BO3ACHCTBHUH, IPH XPOHHYECKOM BO3ACH-
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cTBHM OTMedaeTcs cHkenue IgG u IgM [21]. Taxoke mpope-
MOHCTPHPOBAHbl Pa3HOHAIIPaBACHHbIE M3MEHEeHHs aKTUBHO-
ctu NK-kaeTok y kpbic AuHUM Wistar pu BO3AHCTBHH ITyMa
85ADA: aKTHUBHOCTD ObIAQ IIOBBILIEHA [IOCAE IIEPHOAA BO3AEH-
cTBUS 24 4 u 7 AHel, HO ObIAa CHIDKEHA IIOCAE 3 HeAeAb [39].

IIpu oneHKe BO3AEHCTBHS IIyMa HAa MEXaHM3MBI 3alJUTHI
OT MHEKIUI B pe3yAbTaTe SKCIIePHIMEHTAABHBIX HCCACAOBA-
HMH IIOKa3aHO, YTO BBDKMBAEMOCTD U CPEAHSIS TIPOAOAXKUTEAD-
HOCTD JKM3HHU KUBOTHBIX, 3aPaXXEHHBIX HHEKIIMOHHBIMU BO3-
OyAuTeAIME OPIOMHOrO TH)A M TYAIPEMHH U [IOABEPTIINX-
Cs1 BO3AEHMCTBHIO HU3KoyacToTHOTro myma 110 ABA B Teuenue
30 cyT., HIDKe, YeM CpeAM XMBOTHBIX, He IIOABEPraBIINXCS
BO3AEHCTBHIO HU3KOYACTOTHOTO IIyMa A0 3apaxkerns [20].

MmeroTcs Taxoke AaHHbIE SKCIIEPHMEHTOB O BAMSHUH BO3-
AeiictBus myma 90 ABA Ha MHTEHCHBHOCTD aAAepTHYECKOM
peaxiiii HeMeAAEHHOTO THIA: B YCAOBHUSX BO3AEHCTBUS IITy-
Ma pa3BUBaeTCs OOAee CHABHAS aAAEPIUYECKas PeaKijus,
CeHCHOMAN3ALUS B YCAOBUSX BO3ACHCTBUS INYMA y MOP-
CKMX CBHHOK ITPOMCXOAUT Ha (OHE CHIKEHMS KOAMYECTBA
T- v B-AuM¢onuUTOB, a TaKKe PYHKIMOHAABHOMN aKTUBHOCTH
HeiiTpoduaos [40, 41].

ITo AQHHBIM IIOIIEPEYHOTO MCCACAOBAHMA 172 >KeHIUH
BBISIBACHA ACCOILJHAIHS BO3ACHCTBHA ITyMa OT TPAHCIOPTHBIX
MarucTpaaeit ¢ koangectBom NKT-kaerox n yposaem MIA-12,
OCHOBHAsl QYHKITHS KOTOPOro — peryasnus AudpdepeHnu-
POBKM KAOHOB T-XeAIlepOB, aKTUBUPOBAHHBIX TIPH BCTpeye
C AHTUTE€HOM: IIPH YBeAHYEeHMH YpOBHA myMa Ha 1oBA mpo-
nesT NKT-kaetok cumkaerca Ha 0,038%, yposenp MA-2
yBeanduBaercst Ha 0,006 1r/Ma; acconyuanuy ¢ IpOLEHTOM
NK-xaetok u yposrem OH-y e moayueno [35].

Ha ocroBanuu 06cAeAOBaHUS PAOOTHUKOB IIPEATIPHATHS
TEIIAOdHEePTeTHKH, TIOABEPTAOIIUXCS BO3ACHCTBHIO ITyMa, CO
craxkeM paboTsl 4,2+ 1,3 roaa BbIIBAEHDI H3MEHEHHS [I0Ka3a-
TeAell r'yMOPaAbHOTO MIMMYHHTeTA: IIOBbIeHHe YpoBHA IgA,
CHIDKeHMe YpOBHS IgM u OTCYTCTBHE PasAMYMi IO YPOBHIO
IgG 1o cpaBHEHHIO C KOHTPOABHOM rpymmoit [42].

BoszaeficTBue mryMa MOXeT CIOCOOCTBOBATb PAa3BUTHIO
AOKAABHOTO M CHCTEMHOTO BOCIAAMTEABHOTO IPOIecca, aK-
TUBHPYs 00pa3oBaHUe IPOBOCIAAUTEABHBIX JATOKMHOB, OT-
MeyaeTcs yBeAMYeHHe 3KCIIPeCCHU MapKepoB BOCIIAA€HHS,
XeMOKHMHOB M MOAEKYA aATe3UH B yAUTKe [43-45], roroBHOM
Mosre [46] u coiBopoTKe [47], pn 3TOM B pasBuTHE Mpodec-
CHOHAABPHOM HEHPOCEHCOPHOH TYTOYXOCTH 3HAYUMYIO POADb
MrpaeT BOCIIAAMTEABHbII1 IPOLIECC BO BHyTpeHHeM yxe |5, 48].

O6cyKAQIOTCS AQHHBIE O BO3MOXKHOM BAMSHHU IIyMa HA
PasBHTHe ay TOMMMyHHbIX 3a60AeBanuit [ S]. B uccaepoBanmy,
nposepéurom B pamkax NHANES (the National Health and
Nutrition Examination Survey), Ha OCHOBaHHH AQHHBIX 06-
caepoBanMs 4192 yeroBek MPOAEMOHCTPUPOBAHO HAAUYME
ACCOLMAlIMM Pa3BUTHUS PEBMATOMAHOTO apTPHTA C BO3AEH-
creueM myMa (80-85 ABA u Bbime) B Tevenue 15 u 6oaee
aer (OI1=2,84; 95% AU: 1,23-6,57) no cpaBHEHHUIO C AH-
IJaMH, He TIOABEPTaBIINMCS BO3ACHCTBHUIO ITyMa, C MIPOU3Be-
AEHHOH KOppeKIMeH M0 COIfMaAbHbIM (pakTopaM, GakTopam
00pasa >XM3HH U [0 BO3AEHCTBUIO IIPOMbIMIACHHOTO a3PO-
301 [49], B ADyroM HCCACAOBAHHM AQHHAs ACCOLMALKS He
BbIABAeHa [S0].

Bo3aericrBue BHOpanuu Ha IMMYHHYO cucremy. OTHO-
CHTEABHO BOIIPOCA BO3AEHCTBHUS IIPOU3BOACTBEHHOM BHOpa-
UM Ha OPTaHU3M PabOTAIOMUX OTeYeCTBEHHBIMU aBTOPAMH
IPOBEACHBI MHOTOUHCACHHBIE HCCACAOBAHHS, CBHAETEABCTBY-
IOINHe O Pa3BUTUH M3MEeHEeHHH IMMYHHOT'O CTaTyca KaK B AO-
KAMHUYECKO! CTAAMH PasBUTHS 3a00A€BAHMUA, TAK U IIPH Pas-
BUTHH BUOPAIIMOHHOM 00A€3HHM, OXapaKTepH30BaHbI OCHOB-
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Hble MMMYHOIIATOAOTHYECKHE MEXaHU3MBI, IPHHIMAIOIIIe
y4actrie B OPMUPOBAHMHI BUOPALIHOHHON O0AE3HHL.

Ipu aHaAu3e BO3AEHCTBHS BHOPALMH HA KAETOYHDII MM-
MyHHUTET OTMedaeTcsl noBbimenue B-aumdonuros (CD20*)
u camkenue T-aumporuros (CD3*), T-cynpeccopos (CD8*),
T-xeanepos (CD4*) u T-xuanepos (CD16*) [51-53], mpu
9TOM CTelleHb CHIDKeHHs T-cymnpeccopoB u T-xeAnepos 3aBu-
CAT OT CTeIleHN BUOPALOHHOM G0AE3HH 1 THIIA BO3AEHCTBY-
romeit Bubpanuu [52]. Ilo AaHHBIM APYTHX HCCAEAOBaTEACH
oTMevaercs mosbinenue copepxanua CD3, CD4* aumo-
uutoB [54], npy BU6PaLMOHHON 60A€3HH OT BO3AEHCTBHS
AOKAABHOH BUOPALIMHU BBIIBACHO yBEeAUYEHHe abCOAIOTHOTO
koamdecrsa CD3*, CD4*, CD8" aumdonuros, npu BuOpa-
[IMOHHOM 6OA€3HU OT COYETAHHOTO BO3AEHCTBHUS AOKAABHOM
u 0611et BUOpariuy HaOAI0AAAOCh BO3pacTaHKe a0COAIOTHOTO
koandecrsa Takke CD3*, CD4%, CD8* AMM$OLUTOB 1 AOTIOA-
nuteapHo CD16%, CD20*, CD25*, CD9S* aumdonuros [SS].

Pe3yAbTaThl OLIGHKHM COCTOSIHUSL I'yMOPAABHOTO HMMY-
HUTEeTa [IPH BO3AEACTBHUHU BHOPALMU CBUAETEABCTBYIOT 00
H3MeHEHNH YPOBHS MMMYHOTAOOYAHHOB CHIBOPOTKH, IIPH
9TOM eCAH OAHH HCCACAOBAHISI ASMOHCTPUPYIOT [OBBIIIEHIE
IgG [56] n IgA [56, S7], ApyrHe CBUACTEABCTBYIOT O CHIDKe-
uuu IgG [53] u IgA 58], Boiasasercs cumkenne IgM [S8,
59], mpu 3TOM CTeneHb CHUKEHUS KOPPEAUPYET CO CTaXeM
paborst [56].

BsipaskeHHbIe H3MEHEHVS BbIIBASIOT IIPU BO3ACHCTBHIH BU-
Opanuu B HUTOKMHOBOM cTaryce. LIUTOKMHDI IpeACTaBASIIOT
€000 IPYIITy IIOAUIIEIITHAHBIX MOAEKYA, KOTOpBIE TIPOAYLIU-
PYIOTCS KA€TKaMH UIMMYHHOJ CHCTEMBI 1 OCYIeCTBASIOT pe-
T'YASIITHIO MEXXKAETOYHBIX B3aUMOAEHCTBHI. SIBASISICH TAQBHBI-
MU MEAMATOPAMI UMMYHHO CUCTEMBbI, IUTOKUHBI yIaCTBYIOT
B IIaTOTreHe3€e BCEeX BOCIIAAUTEABHbIX 3a60AeBaHNI, BAMSIOT Ha
QYHKIMOHAABHYIO AKTUBHOCTD KAETOK, IPHHUMAIOIINX y4a-
CTHe B PeaKIUsIX BPOXKAEHHOTO H IPUOOPETEHHOIO HMMYHH-
tera [60].

Pa3BuTHE AAEKBATHOTO UMMYHHOTIO OTBETA 3aBHCHT OT 6a-
AQHCA KAETOYHO-OMOCPEAOBAHHBIX ¥ ['YMOPAABHBIX HMMYH-
HBIX PeaKIHil, peryAUpPyeMBIX ABYMS IPYIIIAMH [IUTOKHHOB:
nposocnaauteastsix (MA-1, UA-2, UA-8, UA-6, DHO-a,
NOH-y) u nporusosocmaautespnsix (MA-4, MA-10,
I/IA-13§. ITpu HapymeHHUH IUTOKMHOBOIO HaAaHCca pa3BUBa-
eTcsl COCTOsIHME XPOHUYECKOro BocmaAeHus. V3BecTHO, 4TO
MHOTHE OPTaHbl B HOPMe HAXOASITCS B COCTOSIHHU «KOHTPO-
AMPYEMOT'O BOCIIAAEHHSI>»>, KOTOPOE PEryAUpPYeTCs HaraHCOM
IPOBOCIIAAUTEABHBIX H IIPOTHBOBOCIIAANTEABHBIX IJATOKHHOB,
AMCOAAQHC JKe B MX IIPOAYKLMU MOXKET BBI3BIBATh Pa3BUTHE
[ATOAOTHYECKUX HPOLIECCOB, COCTABASIOLIUX OCHOBY Pa3BU-
THS 60ABIION rpyTIBI 3a60AeBanuit [60-62 ). [TosTomy ompe-
AEACHHE COAEPKAHMS LIUTOKUHOB UMeeT GOABIIOE 3HAYEHUEe
B OljeHKe QYHKIJMOHAABHOM aKTHBHOCTH HMMyHOKOMIIETEHT-
HBIX KAETOK ¥ PETYASILHH HIMMYHHOT'O OTBETA.

Y craxupoBaHHBIX pabOTHUKOB €3 IPU3HAKOB HapyIle-
HUI 3A0POBbSI OT BO3ACHCTBIS BHOPALINY BBIIBASIIOTCS PAa3HO-
HaIpaBACHHbIE H3MEHEHs YPOBHel [IUTOKUHOB: IIOBbILIEHHe
HA-1[58, 63] nau oTCyTCTBUE N3MEHEHHUIl AAHHOTO IJUTOKH-
Ha [64, 65], mossimenne MA-8 [64, 65], camxenue [ S8, 65]
nau nossimenwe [63] O®HO-a, camxenne UOH-y [65], cru-
xenne A-10 [65], nosoimenue MA-4 [S8, 65] uau orcyt-
CTBUE M3MEHEHMH YPOBHSA AAHHOTO MHTEPACHKHMHA [64], aTo
MOJKET OBITb CBS3AaHO C Pa3BUTUEM AAAITALHOHHBIX N3MeHe-
HU HAM pOPMUPOBAHIEM COCTOSHUS AC3AAIITAIHIL

Ilpu oueHKe LUTOKHHOBOIO CTaryca IpH BHOpauu-
OHHON 0OAE3HHM OTMeYaeTcs yBeAMYeHHe YPOBHell Ipo-
BOCIAAMTEABHBIX IUTOKHHOB: VIA-1 [6, 51,52, 63, 64],

HA-2 [6,59], UA-8 [51-53, 64-66], DHO-a [6, S1-53, 59,
63], UH®-y [66], n cHmkeHne ypoBHE! IPOTHBOBOCIIAAU-
TeAbHBIX uTOKMHOB: MIA-4 [51-53, 63, 65], IA-10 [63, 65],
XOTSI €CTh AQHHbIE O IPOTHBOIIOAOKHBIX U3MEHEHHSIX: CHH-
xernn IA-2 [66] u TH®-y [65], otcyTcTBUM n3MeHeHuit
VIA-10 [64, 65] u IA-4 [66].

ITpu BubpanrOHHOI 6OA€3HU BBISIBACHO IIOBBIIIEHIE AH-
THTEA K PSIAY PETYASITODHBIX O€AKOB HEPBHOI CHCTEMBI, YCTa-
HOBAEHbI KOPPEeASIIMOHHbIe B3aUMOCBSI3H YPOBHS UX H3MeHe-
HUI1 C YPOBHSAMHU LUTOKMHOB |64 ], Heilpodusrororudeckumu
II0KA3aTeASIMH, OTPKAIOIIUMHU COCTOSIHHE LIeHTPAABHBIX ad-
(QepeHTHBIX IPOBOASIIMX CTPYKTYpP U MepupepuuecKux He-
pBoB [67].

Takum 06pa3oM, AaHHBIE OOADBIIHHCTBA AUTEPATYPHbIX
HCTOYHHUKOB CBHAETEABCTBYIOT O BAWSIHUM BUODALINM HA CO-
CTOSIHHE KACTOYHOTO U I'YMOPAABHOTO 3BeHbeB MMMYHUTETA
1 pOPMUPOBAHHH IPOBOCIAAUTEABHOTO (eHOTHUIIA [IPH BO3-
AEMCTBMH IIPOM3BOACTBEHHOM Bn6pau1/m. PaznonanpaBaen-
Hble H3MEHEHUS HeKOTOPhIX MMMYHOAOTMYECKUX ITOKa3aTe-
Aell, BBISIBAGHHBIE B Pa3HBIX paboTax, 00yCAOBAMBAIOT aKTy-
AABHOCTD TIPOAOAYKEHHSI HCCACAOBAHMIT IO AQHHOH TeMaTHKe
C BbIA€AeHHEeM HHPOPMATHBHBIX IMMYHOAOTHYECKUX ITOKa3a-
TeAel U pa3pa60TKofI KPHUTEPHEB MX aHAAU3A AAS OLIEHKH CTe-
IIeHY BAMSHYS IIPOU3BOACTBEHHOM BUOPALIMI HA OPIaHU3M.

Bo3saeiicTBHe 9AeKTPOMArHHTHBIX MOAEH HA HMMYH-
HYIO CHCTeMy. BAMsIHIE 9AeKTPOMArHUTHOTO U3AYYeHHUS aH-
TPOIOTeHHOTO MPOMCXOXAEHIUS Ha KAeTKH UMMYHHOI CUCTe-
MBI TaKKe OBIAO AKTYAABHOM TEMOIT HCCAEAOBAHHUIT B IIOCAEA-
Hue roab [24, 68, 69]. B npoBopMMbBIX pafoTax BHUMAHHeE
YA€ASIeTCST HeOAQTONPISATHOMY BO3ACHMCTBHIO KaK HH3KOYa-
CTOTHBIX, TAK H BbICOKOYACTOTHBIX 9AeKTPOMATHUTHBIX [IOA€T],
UX BO3AEHICTBHE KaK CTPECCOBBIX GaKTOPOB MOXKET BHI3BIBATD
MOp{oAOTHIeCKHe U UILOAOTHIECKYe H3MEHEHHUS B CHUCTe-
Max, CBSI3aHHBIX C peakueil Ha crpecc [70]. MiMeroTcs uccae-
AOBaHHSI, ACMOHCTPHPYIOILIUE, YTO IAeKTPOMATHUTHBIE ITOAS
MOT'YT BBI3BIBATH PEAKLUH KAETOK, XapaKTepHbIe AASL OOIelt
PeaxIui Ha CTPecC: aKTUBALUIO BHYTPUKAETOYHBIX KOMITEH-
CATOPHBIX MEXAaHU3MOB U M3MeHeHUe PYHKIIMOHAABHOM aK-
TUBHOCTH MMMYHHOM M TOPMOHAABHOM cucteM [71].

MHOro4HCACHHBIE HCCACAOBAHUS AEMOHCTPHUPYIOT, YTO
9AeKTPOMArHUTHbIE [OAS MOTYT OKa3bIBaTh KaK CTHMYAH-
pyoliee, Tak U TOpMO3slllee AeHCTBHE HA UMMYHHYIO CH-
CTeMy, B 3aBUCHMOCTH OT ¢u3udeckux mapamerpos IMII
¥l THIA [OABEPTAIOIUXCS BO3ACHCTBHIO KAeToK [72]. OpHuM
u3 HanboAee BOKHBIX 3PPEKTOB BO3ACHCTBUS IAEKTPOMAr-
HUTHBIX IIOAeHl Ha MMMyHHBIE KACTKH SIBASIETCSI YBEeAUEHHE
KOHIIEHTPALIUU KAABLHSI BHYTPH KAGTKH 32 CUET aKTHUBALIUK
IOTEHIMAA 3aBHCHMbIX KAABIIUEBbIX KAHAAOB, YTO IIPHBOAUT
K IIOCAEAYIOIUM 9 PeKTaM, TAKUM KaK yBeAMYeHHe OKCHAQ
a30Ta U [POU3BOACTBO OOABIIOTO KOAMYECTBA CBOOOAHBIX
PaAMKaAOB U LUTOKMHOB |73 ). HakomaeHHbIe AQHHBIE CBH-
AETEABCTBYIOT O TOM, YTO Bo3pericTBue OMII MoxeT BAMATD
Ha KOAMYECTBO U QYHKIIMIO UMMYHHbIX KACTOK, BAMSIS Ha IIPO-
IlecC aronTo3a, KUAAMHTOBYIO aKTUBHOCTD, COAEP)KAHHe M-
TOKMHOB [74].

OKCIepHMeHTaAbHbIE NCCAGAOBAHIL in Vitro cBHAeTeAD-
CTBYIOT, 4TO IocAe Bo3peficTBust DMIT Ha IMMyHHBIE KA€TKH
B HUX BBISIBASIFOTCSI MHOTOYHCAEHHbIE U3MEHEHsI, TAKHe KaK
AHMCPETYASILIIS MeTA00AM3MA KAABLIHS, HAPYIIeHHe KAeTOYHO-
IO AeACHUsI, U3MeHEeHHUs YPOBHS TPAHCKPHIILIUK T€HOB U aKTH-
BalKs CBOGOAHOPAAMKAABHOTO OKHCAEHHS [72].

VmeroTcst MccAeAOBaHUS, AGMOHCTPHpPYIOLINE H3MeHe-
HYe NOKa3aTeAell HMMYHHO! CHCTEMBI Y AMII, IIOABEpTaio-
muxcst Bospericteuio IMIL. Msyuenue BospeiicTeus OMIT
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Ha u3MeHeHue KoanmdecTBa NK-KAeTOK, OTBETCTBEHHBIX 3a
IPOTHBOBHPYCHBI M IPOTHBOOIIYXOAEBBI HMMYHHTET,
CBHAETEABCTBYET 00 UX CHIDKEHHH ¥ PaOOTHHKOB 3AEKTPO-
ceTeBbIx 06bexToB (Bosaeiicrere DMIT 60 I'y) B 3aBHCHMO-
CTH OT MHTEHCHBHOCTH BO3ACHCTBHA [75], y Haxopsmuxcs
B KoHTakTe ¢ IMII S0 Iy [76], Y SKEHIIUH, MOABEPTralOIIHX-
cst BoapeticTBrio OMII, mpor3BOANMBIX paANOTeAeBUSHOHHBI-
mu crannusamu (500 kL] — 3 I'Tx), [77] Taxoke orMedaercs
CHIDKeHHE aKTHBHOCTH HAaTYPAaAbHBIX KHAACPOB IIPH BO3ACH-
creun DMII HM3KOYACTOTHOTO AManazoHa [78], mpu aToMm
MMEIOTCS Pe3YABTAThI O IIOBBIIEHUH AAHHBIX IMMYHHbIX KA€-
TOK Y AMI], IOABEPTAIONINXCS BO3ACHCTBHIO HU3KOUYaCTOTHBIX
OMII (50I'y), cospaBaembIx TpaHchopmaTopamu, [79] u npu
Bo3aericTBHU DMII oT HHAYKITHOHHBIX HarpeBaTeAei [80].
Taxoke BoraBasercs cHwkeHne CD3"CD2S" aumornuTos
(B-aumdonursl, akTuBrpoBanHbe VIA-2) y Au, mopBepra-

romuxcs Bosaeticrsmio IMIT 50 Iy [76], muToTokcIueckux
T-AuMQOIUTOB U aKTUBUPOBAHHBIX B-ANMMOLUTOB ¥ >KeH-
IIVH, IT0ABepralomuxcsa Bosaercrsuio OMII (500 k'] -
31Tn) [77].

3akarouenne. AHaAU3 pe3yAbIMamos nPosedeHHbIX UccAe-
dosanuii ceudemeAbCmeyem 0 6AUSHUU UUHECKUX NPOU3BOOD-
cmgennbix $axmopos (wym, subpayus, IMII) na ummynoiil
CMAmyc op2aHu3mMa, UMeHeHUs KOmopozo accoyuuposarvi
C passumuem pasAuMHbIX NANMOAOZULECKUX COCMOAHUTL, 00Ha-
KO 8vls6AseMble U3MeHEHUS He 6ce2da 00Ho3Ha4HbL. TIoryuen-
Hole danHbie 00YCAOBAUBAIOM 3HAYUMOCHD NPOOOANCEHUS UC-
cAe008aHutl 10 BbIOEACHUI0 UHPOPMATNUBHBIX UMMYHOAOZUYE-
CKUX noKasameneii OAS 8bIA6ACHUS PAHHUX YHKYUOHAADHBIX
c08U208 U paszeumus Oesadanmayui npu XpoHUHECKOM B03-
deticmeuu  ¢usudeckux $axmopos npoussodcmeennoii

cpedvL.

Cnucok auteparypsi (mm. 5, 8-18, 21, 22, 24-27, 29, 30, 33-35, 37-39, 43-50, 54, 68-80 cm. References)

1. Kuryauna B.B. Buoxumuueckuit orser Ha crpecc (0630p Au-
teparypsr). Teepcxoil meduyunckuil xeypraa. 2015; 1: 91-100.

2. Yemeas 3., Xeitau M., Mucxax C. OcHo6bl KAUHUHECKOTE UMMY-
noaozuu. M.: TOOTAP-Meaua; 2008.

3. O cOCTOSHMH CaHHTAPHO-IMHAEMUOAOTHYECKOTO OAArOMOAY-
ups HaceAeHus B Poccuiickoit Qepepanum B 2022 roay: Tocy-
AAQpCTBEeHHDIN AOKAaA. M.: QepepabHas cayxba o HaA30py
B cdepe 3aIUTHI IPaB NOTpebUTeAeil U OAATOIIOAY YIS YeAOBe-
Ka, 2023.

4. Kypuesenko C.H., bopuenkosa I'M. Qopmuposanue ecre-
CTBEHHOI PeaKTHBHOCTH OPTaHU3MA IIPH BO3AEHCTBUHU IIPOU3-
BOACTBeHHBIX ¢uamdeckux dpakropos. XXI sek. TexnocPepras
6esonacrocme. 2016; 1(4): 73-78.

6. Boauenxosa M., MBanckas T.J., Ausapes A. B. immynomaro-
reHe3 BuOpanuonHon 6oaesan. Broatemens BCHI] CO PAMH.
2006; 49@); 72-77.

7. Abumesa A.A., Beanxuna T.J., Kassivos M.C., XKynycosa T.,
Manap6exos E.M. MHOrogakTopHOe HeraruBHOE aHTPOIIO-
TeHHOe BO3AEHCTBHE U CHCTEMA HMMYHHTETA y B3POCABIX AMI]
B r. Ycrb-Kamenoropcke. Hayka u 3dpasooxpanenue. 2021;
4(23): 172-179. https://doi.org/10.34689/SH.2021.23.4.019

19. Bobanxos 11.B. OneHka poAn IMMYHHOM CHCTEMBI B Pa3BUTHH
HapYILIeHU! COCTOSIHUS 3A0POBbsL Y AULI, TOABEPTAIOLIUXCS BO3-
AEFICTBHIO HU3KOYACTOTHBIX aKYCTHYECKUX KOAeOaHMII B IpoLjec-
ce NpodeCcCHOHAAbHOM AesTeAbHOCTH. B xH.: Akmyaivnote npo-
OAeMbl U NEPCNEKMUBDL PA3BUMUS B0EHHOT MeOUYUHDL: HAYY. M.
HUUI] (MB3) THUMHUBM MO P®. CII6., 2000; 2: 55-60.

20. Canipyaaun P.O., Ceaesnes A.B., Ceprees C.H., Cremanos A.B,,
Komuccapos H.B., Toppuerko A.B. DxcriepuMeHTaAbHas OLjeH-
Ka yCTONYMUBOCTH OPraHU3Ma K HHQEKIMOHHBIM 3200A€BAHUSIM
B YCAOBHSIX BO3ACHCTBUS HUBKOYACTOTHOTO ImryMa. Becmnuk Poc-
cuiickoti Boenno-meduyunckoti academuu. 2017; 1(57): 105-110.

23. Kprouxosa E.H., Antomuna A.M., JKeraosa A.B., Caapkon-
neab A.M. KpurepuasbHas 3HAYUMOCTD ITOKA3aTeAeH OKCHAQ-
THUBHOIO CTpecca IPH BUOPALMOHHOM Bo3AericTBuu. Meduyuna
mpyda u npomviuisenHas akorozus. 2016; 3: 30-34.

28. Lletiauxman B.3., Ayxun A.A. BAusHIe OKECAMTEABHOTO CTpec-
ca Ha OpraHusM deAroBeka. MexdyHapoduviil Hayumo-uccaedo-
sameavckuil xypuar. 2022; 3(117): 206-211. https://doi.
org/10.23670/1RJ.2022.117.3.037

31. ITayxunkos H.H., Baagumupos B.I., 3unxun B.H., Bobau-
xoB M.B., Bacuavesa M.H., Popnonos I'T. u ap. FlccaepoBanue
HEKOTOPHIX MEXaHU3MOB IIOBPEXAAIOIMHX 3PPEeKTOB HU3KOYa-
CTOTHBIX IryMOB. Paduayuonnas 6uoroeus. Paduoakosozus. 2001;
41(1): 67-72.

32. AxmetasHoB M.M., Pepapko A.A., Ceprees O.E. Hecnenudu-
4eCKOe ACHCTBHE LIyMa Ha OPTaHM3M: HeOAArOMpUSITHOE BAMS-
HYe Ha 3A0pOBbe YeAOBeKa U BO3MOXKHbIE ITYTU IIPOPHAAKTHKH.
B xH.: awuma HacereHus om nosvIUENHOZ0 ULYMOB020 B030eii-

698

cmeus: 6. dox. Beepoce. Hayun.-npakm. Kong. ¢ mexcoyuap. yua-
cmuem. UTHHOBA; 2006: 168-173.

36. 3unkus B.H., Csuposeiit B.I., Axmersszos I1.M. He6aaronpu-
STHOE AeHCTBIE HU3KOYACTOTHBIX aKyCTHIECKUX KOAeOAHUI Ha
OPTaHBI ABIXAHHUSL. [IpOPUAGKMUHECKAS U KAUHUMECKAS MEOUYUHA.
2011; 3(40): 280-284.

40. Arraéa O.A., T'aaues P.C. BAusHue ropoACKOTO ITyMa Ha 0CO-
GEHHOCTH Pa3BUTHS AAAEPTHUECKOM PEAKLUH HeMEeAAEHHOTO
tuma. Jxorozus veroseka. 2012; 4: 11-18.

41. Taanes P.C., Apobaenkos A.B., TaaneBa C.A. OcobenHocTH Te-
YeHHs] AAAEPTHH B YCAOBIHSIX rymMa. Meduyuma u obpasosanue.
2020; 2(6): 10-14.

42. Kypuepenko C.I., boxaaxenxo E.B., bopuenxosa I'M. Cpas-
HHUTEABHBIN AHAAU3 IMMYHHOTO OTBETA y PAaOOYUX IIPH BO3AEH-
CTBHH Pa3ANYHBIX IIPOU3BOACTBEHHBIX GpaKTOpOB. [u2ueHa u ca-
numapus. 2018; 97(10): 905-909. https://elibrary.ru/yocquh

51. Bapaesa P.A., Ba6anos C.A. FIMMyHHSbI IpouAb IpU BHOpa-
LIHOHHOM 60A€3HHU OT BO3AEHCTBHSI AOKAABHOM 1 001Ieit BHOpa-
. Canumapnwiii spas. 201S; 7: 11-19.

52. Ba6anos C., Bapaesa P. [TokasaTeAr KA€TOYHOrO MIMMyHHUTETA
M LJUTOKMHOBBII IPOYHAD IIPH BUOpAIOHHON 60Ae3HH. Bpa.
2017; 1: 53-56.

53. Kuppsaxos B.A., ITaaosckas H.A., Aanxo M.B., Borarsipe-
Ba ML.A., Artomuna A.M., Omxopepos O.A. BosaeticTBue mpo-
M3BOACTBEHHOI BUOPAIIMK Ha OPTaHU3M YeAOBEKA Ha MOAEKY-
ASIPHO-KAETOYHOM ypoBHe. Meduyuna mpyda u npomviuireHHas
akosoeus. 2018; 9: 34-43. https://doi.org/10.31089/1026-
9428-2018-9-34-43

SS. Kypuesenxo C.1., bopuenkosa I'M., Aaxman O.A. CpasuuTeas-
Hasl XapaKTePUCTHKA CYOIOMyASIIMOHHOIO COCTaBa AUMQOIH-
TOB U 6eAKa TEIAOBOTO LIOKA y MALEHTOB ¢ BUOPALJHOHHOM
6oaesubto. Poccuiicxuil ummyroozuseckuil sypras. 2019; 13(2-
2): 846-848. https://doi.org/10.31857/5102872210006677-9

56. ITaBaosckast H.A., Anromuna AWM., Caapxonmeas A.M. Aeit-
CTBHe BUOpaLMH Ha OGHOXMMHUYECKHe IIOKA3aTeAH, XapaKTepHu-
3yIOljiie OKHUCAUTEABHBIH MeTabOAM3M, HMMYHHTET, O0OMeH
MBIIIEYHON M COEAMHHUTEABHON TKaHEH (o630p AWTEpaTy-
po1). Meduyuna mpyda u npomviuaennas axorozus. 2009; 2:
32-37.

57. AsosckoBa T.A., AaBpentbeBa H.E. Mamenenne uMmyHHO-
ro rOMeoCTa3a MPH BO3AEHCTBUU IPOU3BOACTBEHHOMH BHOpa-
uun. Meduyunckuii Cosem. 2016; 10: 174-176. https://doi.
org/10.21518/2079-701X-2016-10-174-176

58. Kypuesenxo C.H., bopuenxosa .M. AoHO30A0THYECKAS AMA-
THOCTHKA BHOpaLoHHON 6oaesuu. Kaunuueckas rabopamophas
duaznocmuxka. 2017; 8: 482-48S. https://elibrary.ru/zfmcxh

59. Asosckosa T.A., Aaspentresa H.E. O poau umMmyHHOI! cucTe-
MbI B ITaTOTeHe3e BHOpaLoHHOM Ooae3un. Qapmamexa. 2016;
10: 14-16.



Russian Journal of Occupational Health and Industrial Ecology. 2023; 63(11)

60.

61.

62.

63.

64.

10.

11.

12.

13.

14.

1S.

16.

Cumbupues A.C. Lfumoxunv 8 namozenese u revenuu 3a604e8a-
nuil yerosexa. CI16: ®oamant, 2018.

Cepebpennnkosa C.H., Cemuncxuit 11.JK. Poab 5uToKnHOB
B BOCIaAMTeAbHOM mporjecce. Cubupckuii meduyunciuil xyp-
Haa. 2008; 81(6): 5-8.

Kprouxosa E.H., Caapxormeas A.M., Supra H.B. Ocobenno-
CTH HMMYHHOTO OTBeTA IPH XPOHHYECKOM BOACHCTBHHU IPO-
MBIIIAEHHBIX a9po3oaeid. Tuzuena u canumapus. 2016; 95(11):
1058-1061. https://elibrary.ru/xsnrrb

Bboauenxosa I'M., Kypuesenko C.H. HefiponmMmyHOSHAOKPHH-
Hble B3AUMOOTHOLIEHHSI IIPH BO3AEHCTBUM AOKAABHOF BUOpALK
Ha paboTtaromux. Meduyuna mpyoa u npoMbIUAEHHAS IKOAOZUS.
2015; 4: 39-43.

Boauenxosa I'M., Kypuesenxko C.M. Bsammocsssb Mexay
KOHI[€HTpaliel IUTOKMHOB M YPOBHEM AHTUTEA K HEHpO-

6S.

66.

67.

HAABHBIM 0eAKaM y pabouux IpH BO3BAEHCTBUM BHOpPALUH.
Heidipoxumus. 2016; 33(1): 85-89. https://doi.org/10.7868/
$1027813316010039

Bboauenkosa I'M., Kypuesenxo C.M. Onenka MeAHMaTopoB Boc-
IIaAEHIIS [IPU BO3AEHCTBUN BUOPAIMY Ha pab0YUX B 3aBHCHMOCTH
OT BBIPAXXEHHOCTH ITATOAOTHYECKOTO nporecca. Iuzuena u canu-
mapus. 2017; 96(5): 460-462. https://elibrary.ru/ysqdhb
Boxaaxenko E.B., Bopuenkosa M. Aucbaranc cocraBa AuM-
¢$onuTOB ¥ IUTOKUHOBOTO MPOPHAS Kak PaKTOp pHCKa pas3BU-
THSI BUOPALMOHHOM 60Ae3HU. AHaAu3 pucka 30oposvio. 2022; 1:
140-143. https://doi.org/10.21668/health.risk/2022.1.15
Bboauenkosa I'M., Kypuesenko C.H., Pycanosa A.B. Heiipo-
ayTOMMMYyHHBIE IIPOLIeCCHI IIPU BUOparMOHHOM 6oaesnu. Heil-
poxumus. 2018; 35(3): 269-274. https://doi.org/10.1134/
$1027813318030020

References

Zhigulina VV. Biochemical response to stress (overview).
Tverskoj medicinskij zhurnal. 201S; 1: 91-100. (in Russian).
Chapel H., Haeney M., Misbah S. Essentials 0{ clinical
immunology. M.: GEOTAR-Media; 2008 (in Russian).

On the state of sanitary and epidemiological well-being of the
population in the Russian Federation in 2022: State report.
M.: Federal'naja sluzhba po nadzoru v sfere zashhity prav
potrebitelej i blagopoluchija cheloveka, 2023 (in Russian).
Kurchevenko S.I,, Bodienkova G.M. Formation of natural body
reactivity when exposed to industrial physical factors. XXI vek.
Tehnosfernaja bezopasnost'. 2016; 1(4): 73-78 (in Russian).
Zhang A., Zou T,, Guo D., Wang Q,, Shen Y., Hu H. et al. The
Immune System Can Hear Noise. Front Immunol. 2020; 11:
619189. https://doi.org/10.3389/fimmu.2020.619189
Bodienkova G.M., Ivanskaya T.L,, Lizarev A.A. Immunological
pathogenesis of vibration-induced disease. Bjulleten' VSNC SO
RAMN. 2006; 49(3): 72-77 (in Russian).

Abisheva A.A., Belikhina T.I., Kazimov M.S., Zhunusova T.,
Manarbekov E.M. Multifactorial negative anthropogenic
impact and the immune system in adults in Ust-Kamenogorsk.
Nauka i Zdravoohranenie. 2021; 4(23): 172-179. https://doi.
org/10.34689/SH.2021.23.4.019 (in Russian).

Padgett D.A., Glaser R. How stress influences the immune
response. Trends Immunol. 2003; 24: 444-448. https://doi.
org/10.1016/S1471-4906(03)00173-X

Gille G., Sigler K. Oxidative stress and living cells. Folia
Microbiol (Praha). 1995; 40(2): 131-152 https://doi.
org/10.1007/BF02815413

Ising H. Acute and chronic endocrine effects of noise: review
of the research conducted at the Institute for Water, Soil and
Air Hygiene. Noise and health. 2000; 31(7): 7-24.

Selander J.,, Bluhm G., Theorell T., Pershagen G., Babisch W,
Seiffert L. et al. Saliva cortisol and exposure to aircraft noise
in six European countries. Environ. Health Perspect. 2009; 117:
1713-1717. https://doi.org/10.1289/ehp.0900933

Fouladi D.B., Nassiri P., Monazzam E.M., Farahani S,
Hassanzadeh G., Hoseini M. Industrial noise exposure and
salivary cortisol in blue collar industrial workers. Noise & Health.
2012; 14(59): 184-189. https://doi.org/10.4103/1463-
1741.99894

Schmidt E.P., Basner M., Kroger G., Weck S., Schnorbus B.,
Muttray A. et al. Effect of nighttime aircraft noise exposure
on endothelial function and stress hormone release in healthy
adults. Eur. Heart J. 2013; 34: 3508-3514. https://doi.
org/10.1093/eurheartj/eht269

Padgett D.A., Glaser R. How stress influences the immune
response. Trends in Immunology. 2003; 24(8): 444-448.
https://doi.org/10.1016/s1471-4906(03)00173-x

Rickard A.J., Young M.J. Corticosteroid receptors, macrophages
and cardiovascular disease. Journal of Molecular Endocrinology.
2009; 42(6): 449-459. https://doi.org/10.1677/JME-08-0144
Hartono H. Cortisol level decreases natural killer cell activity
among women with aircraft noise. Universa Medicina. 2016;

17.

18.

19.

20.

21.

22.

23.

24.

28.

26.

27.

28.

29(3): 153-161. https://doi.org/10.18051/UnivMed.2010.
v29.153-161

Imai K., Matsuyama S., Miyake S., Suga K., Nakachi K.
Natural cytotoxic activity of peripheral-blood lymphocytes
and cancer incidence: an 11-year follow-up study of a general
population. Lancet. 2000; 356(9244): 1795-1799. https://doi.
org/10.1016/S0140-6736(00)03231-1

Ljunggren H.G., Malmberg K.J. Prospects for the use of NK cells
in immunotherapy of human cancer. Nature Reviews Immunology.
2007; 7(5): 329-339. https://doi.org/10.1038/nri2073
Voblikov LV. Assessment of the role of the immune system in
the development of health disorders in individuals exposed to
low-frequency acoustic vibrations during professional activities.
In book.: Aktual'nye problemy i perspektivy razvitija voennoj
mediciny: nauch. tr. NIIC (MBZ) GNIIIVM MO RE. SPb., 2000;
2: 55-60 (in Russian).

Sayfullin R.F,, Seleznev A.B.,, Sergeev S.N., Stepanov AV,
Komissarov N.V., Gordienko A.V. Experimental evaluation of
resistance of the organism to infectious diseases in conditions
of low-frequency noise. Vestnik Rossijskoj Voenno-medicinskoj
akademii. 2017; 1(57): 105-110 (in Russian).

Zheng K.C., Ariizumi M. Modulations of immune functions
and oxidative status induced by noise stress. ] Occup Health.
2007; 49(1): 32-38. https://doi.org/10.1539/joh.49.32
Miinzel T., Sorensen M., Schmidt F., Schmidt E., Steven S.,
Kroller-Schon S. et al. The Adverse Effects of Environmental
Noise Exposure on Oxidative Stress and Cardiovascular Risk.
Antioxid Redox Signal. 2018; 28(9): 873-908. https://doi.
org/10.1089/ars.2017.7118

Kriuchkova E.N., Antoshina L.I, Zheglova AV,
Saarkoppel' L.M. Criterial value of oxidative stress parameters
in exposure to vibration. Medicina truda i promyshlennaja
jekologija. 2016; 3: 30~34 (in Russian).

Schuermann D., Mevissen M. Manmade Electromagnetic Fields
and Oxidative Stress-Biological Effects and Consequences
for Health. Int ] Mol Sci. 2021; 22(7): 3772. https://doi.
org/10.3390/ijms22073772

Yang Y., Bazhin AV, Werner J., Karakhanova S. Reactive oxygen
species in the immune system. Int Rev Immunol. 2013; 32(%’3)
249-270. https://doi.org/10.3109/08830185.2012.755176
Lotze M.T., Zeh H.J, Rubartelli A., Sparvero L.]J,
Amoscato A.A., Washburn N.R. et al. The grateful dead:
damage-associated molecular pattern molecules and reduction/
oxidation regulate immunity. Immunol Rev. 2007; 220: 60-81.
https://doi.org/10.1111/§.1600-065X.2007.00579.x

Gill R., Tsung A., Billiar T. Linking oxidative stress to
inflammation: toll-like receptors. Free Radic Biol Med.
2010; 48: 1121-1132. https://doi.org/10.1016/j.
freeradbiomed.2010.01.006

Tseylikman V.E., Lukin A.A. On the effect of oxidative stress
on the human body. Mezhdunarodnyj nauchno-issledovatel'skij
zhurnal. 2022; 3(117): 206-211. https://doi.org/10.23670/
IRJ.2022.117.3.037 (in Russian).

699



MeaunuHa TPyAQ U IPOMbIIIAeHHAs aKororus. 2023; 63(11)

29.

30.

3L

32.

33.

34.

3S.

36.

37.

38.

39.

40.

41.

42.

43.

44,

4S.

Casciola-Rosen L., Wigley E, Rosen. A. Scleroderma
autoantigens are uniquely fragmented by metal-catalyzed
oxidation reactions: implications for pathogenesis. Journal
of Experimental Medicine. 1997. 185(1): 71-79. https://doi.
org/10.1084/jem.185.1.71

Buttari B., Profumo E., Mattei V., Siracusano A., Ortona E.,
Margutti P. et al. Oxidized 2-glycoprotein I induces human
dendritic cell maturation and promotes a T helper type 1
response. Blood. 2005; 106(12): 3880-3887. https://doi.
org/10.1182/blood-2005-03-1201

Pluzhnikov N.N., Vladimirov V.G., Zinkin V.N., Voblikov IV,
Vasilyeva LN., Rodionov G.G. et al. The study of certain
mechanisms of injurious effects of low-frequency noise.
Radiacionnaja biologija. Radiojekologija. 2001; 41(1): 67-72
(in Russian).

Akhmetzyanov LM., Redko A.A., Sergeev O.E. Nonspecific
effects of noise on the body: adverse effects on human health
and possible ways of prevention. In book: Zashhita naselenija ot
povyshennogo shumovogo vozdejstvija: sb. dokl. Vseross. nauchn.-
prakt. konf. s mezhdunar. uchastiem. INNOVA; 2006: 168-173.
(in Russian)

Recio A., Linares C., Banegas J.R., Diaz ]. Road traffic noise
effects on cardiovascular, respiratory, and metabolic health: An
integrative model of biological mechanisms. Environ Res. 2016;
146: 359-370. https://doi.org/10.1016/j.envres.2015.12.036
Pascuan C.G., Uran S.L., Gonzalez-Murano M.R., Wald M.R.,
Guelman L.R., Genaro A.M. Immune alterations induced by
chronic noise exposure: comparison with restraint stress in
BALB/c and C57Bl/6 mice. ] Immunotoxicol. 2014; 11: 78-83.
https://doi.org/10.3109/1547691X.2013.800171

Kim A, Sung J.H., Bang J.-H., Cho SW,, Lee J,, Sim C.S. Effects
of self-reported sensitivity and road-traffic noise levels on the
immune system. PloS One. 2017; 12(10): e0187084. https://
doi.org/10.1371/journal.pone.0187084

Zinkin V.N,, Svidovyi V.I, Akhmetzyanov .M. Adverse effects
of low-frequency acoustic vibrations on the respiratory system.
Profilakticheskaja i klinicheskaja medicina. 2011; 3(40): 280-284
(in Russian).

She X., Gao X., Wang K., Yang H., Ma K., Cui B. et al. Effects
of noise and low-concentration carbon monoxide exposure on
rat immunity. J. Occup. Health. 2021; 63(1): e12235. https://
doi.org/10.1002/1348-9585.12235

Angrini M.A., Leslie J.C. Vitamin C attenuates the physiological
and behavioural changes induced by long-term exposure to
noise. Behav Pharmacol. 2012; 23(2): 119-125. https://doi.
org/10.1097/FBP.0b013e32834{9{68

Van Raaij M.T., Oortgiesen M., Timmerman H.H., Dobbe CJ,,
Van Loveren H. Time-Dependent Differential Changes of
Immune Function in Rats Exposed to Chronic Intermittent
Noise. Physiol Behav. 1996; 60: 1527-1533. https://doi.
org/10.1016/s0031-9384(96)00327-7

Lycheva O.A., Galiev R.S. Influence of city noise on
development of immediate-onset allergy. Jekologija cheloveka.
2012; 4: 11-15 (in Russian).

Galiev R.S., Droblenkov AV, Galieva S.A. Structural specific
features of the course of allergy in noise conditions. Medicina i
obrazovanie. 2020; 2(6): 10-14 (in Russian).

Kurchevenko S.I., Boklazhenko E.\V. Bodienkova G.M.
Comparative analysis of the immune response of workers
exposed to various production factors. Gigiena i sanitarija. 2018;
97(10): 905-909. https://elibrary.ru/yocquh (in Russian).
Fujioka M., Kanzaki S., Okano H.J., Masuda M., Ogawa K,,
Okano H. Proinflammatory cytokines expression in noise-
induced damaged cochlea. J. Neurosci. Res. 2006; 83(4): 575~
583. https://doi.org/10.1002/jnr.20764

Tan WJ., Thorne P.R., Vlajkovic S.M. Noise-induced cochlear
inflammation. World ] Otorhinolaryngol. 2013; 3(3): 89-99.
https://doi.org/10.5319/wjov3.i3.89

Rai V., Wood M.B., Feng H., Schabla N.M., Tu S., Zuo J.
The immune response after noise damage in the cochlea is

700

46.

47.

48.

49.

S0.

SL

S2.

S3.

54.

SS.

S6.

57.

S8.

59.

60.

61.

characterized by a heterogeneous mix of adaptive and innate
immune cells. Sci. Rep. 2020; 10(1): 15167. https://doi.
org/10.1038/s41598-020-72181-6

Lin F, Zheng Y, Pan L., Zuo Z. Attenuation of noisy
environment-induced neuroinflammation and dysfunction of
learning and memory by minocycline during perioperative
period in mice. Brain Res. Bull. 2020; 159: 16-24. https://doi.
org/10.1016/j.brainresbull.2020.03.004

Cui B,, Su D,, Li W,, She X., Zhang M., Wang R. et al. Effects
of chronic noise exposure on the microbiome-gut-brain
axis in senescence-accelerated prone mice: implications for
Alzheimer's disease. J. Neuroinflammation. 2018; 15(1): 190.
https://doi.org/10.1186/s12974-018-1223-4

Wang Q. Shen Y, Hu H,, Fan C., Zhang A, Ding R et al.
Systematic Transcriptome Analysis of Noise-Induced Hearing
Loss Pathogenesis Suggests Inflammatory Activities and
Multiple Susceptible Molecules and Pathways. Front Genet.
2020; 11: 968. https://doi.org/10.3389/fgene.2020.00968
Dzhambov A.M., Dimitrova D.D. Lifetime exposure to self-
reported occupational noise and prevalent rheumatoid arthritis
in the National Health and Nutrition Examination Survey
(2011-2012). Int. . Occup. Environ. Health. 2017; 23(3): 215~
221. https://doi.org/10.1080/10773525.2018.1451809

De Roos A.J., Koehoorn M., Tamburic L., Davies HW,,
Brauer M. Proximity to traffic, ambient air pollution, and
community noise in relation to incident rheumatoid arthritis.
Environ. Health Perspect. 2014; 122: 1075-1080. https://doi.
org/10.1289/ehp.1307413

Baraeva R.A., Babanov S.A. Immune profile in vibration disease
from exposure to local and general vibration. Sanitarnyj vrach.
2015; 7: 11-19 (in Russian).

Babanov S., Baraeva R. Cellular immunity indicators and
cytokine profile in vibration disease. Vrach. 2017; 1: 53-56
(in Russian).

Kiryakov V.A., Pavlovskaya N.A., Lapko LV,, Bogatyreva LA,
Antoshina L.I., Oshkoderov O.A. Impact of occupational
vibration on molecular and cell level of human body. Med. truda
i prom. ekol. 2018; 9: 34-43. https://doi.org/10.31089/1026-
9428-2018-9-34-43 (in Russian).

Castro A.P,, Aguas A.P,, Grande N.R., Monteiro E., Castelo N.A.
Increase in CD8* and CD4* T-lymphocytes in patients with
vibroacoustic disease. Aviat Space Environ Med. 1999; 70 (3 Pt
2): Al41-A144.

Kurchevenko S.I., Bodienkova G.M. Lakhman O.L.
Comparative characteristics of the subpopulation composition
of lymphocytes and heat shock protein in patients with vibration
disease. Rossijskij immunologicheskij zhurnal. 2019; 13(2-2):
846-848. https://doi.org/10.31857/5102872210006677-9
(in Russian).

Antoshina L.I, Saarkoppel L.M., Pavlovskaya N.A. Influence
of vibration on biochemical values characterizing oxidative
metabolism, immunity, metabolism in muscular and connective
tissues (review of literature). Med. truda i prom. ekol. 2009; 2:
32-37 (in Russian).

Azovskova T.A., Lavrentieva N.E. Change of immune
homeostasis exposed to production vibration. Medicinskij
Sovet. 2016; 10: 174-176. https://doi.org/10.21518/2079-
701X-2016-10-174-176 (in Russian).

Kurchevenko S.I., Bodienkova G.M. The pre-nosologic
diagnostic of vibration disease. Klinicheskaya Laboratornaya
Diagnostika. 2017; 8: 482-485. https://elibrary.ru/zfmcxh
(in Russian)

Azovskova T.A., Lavrentyeva N.E. About the role of immune
system in the pathogenesis of vibration disease. Farmateka.
2016; 10: 14-16 (in Russian).

Simbirtsev A.S. Cytokines in the pathogenesis and treatment of
human diseases. SPb: Foliant; 2018 (in Russian).
Serebrennikova S.N., Seminsky I.Zh. The role of cytokines in
the inflammatory process. Sibirskij medicinskij zhurnal. 2008;
81(6): 5-8 (in Russian).



Russian Journal of Occupational Health and Industrial Ecology. 2023; 63(11)

62.

63.

64.

6s.

66.

67.

68.

69.

70.

71.

Kryuchkova E.N., Saarkoppel L.M., Yatsyna LV. Features of
immune response in chronic exposure to industrial aerosols.
Gigiena i sanitarija. 2016; 95(11): 1058-1061. https://elibrary.
ru/xsnrrb (in Russian).

Bodienkova G.M., Kurchevenko S.I. Neuroim-mune endocrine
relationships under exposure to local vibration in workers. Med.
truda i prom. ekol. 2015; 4: 39-43 (in Russian).

Bodienkova G.M., Kurchevenko S.I The relationship between
the cytokine concentrations and levels of antibodies to
neuronal proteins in workers who were exposed to vibration.
Nejrohimija. 2016; 33(1): 85-89. https://doi.org/10.7868/
$1027813316010039 (in Russian).

Bodienkova G.M., Kurchevenko S.I. Assessment of inflammation
mediators under exposure to the vibration in employees in
dependence on pronouncement of the pathological process.
Gigiena i sanitarija. 2017; 96(5): 460-462. https://elibrary.
ru/ysqdhb (in Russian)

Boklazhenko E.V.,, Bodienkova G.M. Imbalance in
lymphocyte composition and cytokine profile as a risk
factor of vibration disease. Analiz riska zdorov'ju. 2022; 1:
140-14S. https://doi.org/10.21668/health.risk/2022.1.15
(in Russian).

Bodienkova G.M., Kurchevenko S.I., Rusanova D.V.
Neuroautoimmune processes in vibration disease.
Nejrohimija. 2018; 35(3): 269-274. https://doi.org/10.1134/
$1027813318030020 (in Russian).

Rosado M.M., Simko M., Mattsson, M.O., Pioli C. Immune-
Modulating Perspectives for Low Frequency Electromagnetic
Fields in Innate Immunity. Front. Public Health. 2018; 6: 85.
https://doi.org/10.3389/fpubh.2018.00085

Manna D., Ghosh R. Effect of radiofrequency radiation in
cultured mammalian cells: A review. Electromagn. Biol. Med.
2016; 35: 265-301. https://doi.org/10.3109/15368378.201
5.1092158

Szemerszky R., Zelena D., Barna I, Bardos G. Stress-related
endocrinological and psychopathological effects of short-
and long-term 50 Hz electromagnetic field exposure in rats.
Brain research bulletin. 2010; 81(1): 92-99. https://doi.
org/10.1016/j.brainresbull.2009.10.015

Klimek A., Rogalska J. Extremely Low-Frequency Magnetic
Field as a Stress Factor — Really Detrimental? — Insight into
Literature from the Last Decade. Brain Sci. 2021; 11: 174.
https://doi.org/10.3390/brainsci11020174

72.

73.

74.

7S.

76.

77.

78.

79.

80.

Piszczek P., Wojcik-Piotrowicz K., Gil K., Kaszuba-Zwoinska J.
Immunity and electromagnetic fields. Environ Res. 2021; 200:
11150S. https://doi.org/10.1016/j.envres.2021.111505

Pall M.L. Electromagnetic fields act via activation of voltage-
gated calcium channels to produce beneficial or adverse
effects. J Cell Mol Med. 2013; 17(8): 958-965. https://doi.
org/10.1111/jemm.12088

Yao C., Zhao L., Peng R. The biological effects of electromagnetic
exposure on immune cells and potential mechanisms.
Electromagn Biol Med. 2022; 41(1): 108-117. https://doi.or
g/10.1080/15368378.2021.2001651

Ichinose T.., Burch J.B., Noonan CW.,, Yost M.G., Keefe TJ.,
Bachand A. et al. Inmune markers and ornithine decarboxylase
activity among electric utility workers. J. Occup. Environ.
Med. 2004; 46(2): 104-112. https://doi.org/10.1097/01.
jom.0000111963.64211.3b

Boscolo P., Bergamaschi A., Di Sciascio M.B., Benvenuti F,
Reale M., Di Stefano F. et al. Effects of low frequency
electromagnetic fields on expression of lymphocyte subsets
and production of cytokines of men and women employed in
a museum. Sci. Total Environ. 2001; 270(1-3): 13-20. https://
doi.org/10.1016/50048-9697(00)00796-8

Boscol P, Di Sciascio M.B., D'Ostilio S., Del Signore A,
Reale M., Conti P. et al. Effects of electromagnetic fields
produced by radiotelevision broadcasting stations on the
immune system of women. Sci Total Environ. 2001; 273(1-3):
1-10. https://doi.org/10.1016/s0048-9697(01)00815-4
Gobba F,, Bargellini A., Bravo G., Scaringi M., Cauteruccio L.,
Borella P. Natural killer cell activity decreases in workers
occupationally exposed to extremely low frequency
magnetic fields exceeding 1 microT. Int | Immunopathol
Pharmacol. 2009; 22(4): 1059-1066. https://doi.
org/10.1177/039463200902200422

Bonhomme-Faivre L., Marion S., Bezie Y., Auclair H.,,
Fredj G, Hommeau C. Study of human neurovegetative and
hematologic effects of environmental low-frequency (50-Hz)
electromagnetic fields produced by transformers. Arch. Environ.
Health. 1998; 53(2): 87-92. https://doi.org/10.1080/000398
96.1998.10545968

Tuschl H., Neubauer G., Schmid G., Weber E., Winker N.
Occupational exposure to static, ELF, VF and VLF magnetic
fields and immune parameters. Int. J. Occup. Med. Environ.
Health. 2000; 13(1): 39-50.

701



