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PE3IOME

BBEJEHUE. [MpriMeHeHVe pa3finyHbIX MO CBOEWN NPUPOAE NeYebHbIX Gr3nUecKnx GakTopoB HU3KOMHTEHCUBHOTO 3/IEKTPOMArHMTHOIo
N3nyyYeHns CBEPXBbICOKON YacToTbl (MW CBY) n nutbeBoi cynbdaTHON MrHepanbHol Boabl (MB) Bbi3biBaeT ycuieHne NpoLeccoB pe-
reHepauunm BHYTPUKIETOUHbIX YIbTPACTPYKTYP, B TOM UMc/ie MUTOXOHAPUI. BMecTe € TeM MexaHU3Mbl Pa3BUTUA 3TUX afanTalMOHHbIX
peaKkumin OCTaloTCA eLle Mano UccnefoBaHHbIMU. [lanbHelwee nyyeHrie mutoxoHapuii npu genctsuv MU CBY n nutbeBol cynbdat-
Hoi MB Lenecoobpa3Ho MPOBECTM B KeTKax MyYKOBOW 30Hbl HAAMOYEUYHNKOB — afpeHokopTukoumTax (AKL), urpatowwmx BaxHyio
posnb B perynaumm npoLeccoB aganTauny B opraHm3me.

LIEJIb. /13yueHune xapakTepa 1 0cobeHHOCTeN pa3BMTUA afanTaLMOHHbIX YNbTPACTPYKTYPHbIX N3MeHeHu muToxoHapuin AKLL nyyko-
BOW 30Hbl HAAMOYEYHVKOB KpbIC Npu agenctaun MU CBY n nutbeBol cynbdaTtHon MB.

MATEPUAJIbl U METO[Ibl. DKcnepumeHTbl NpoBefeHbl Ha 23 6enbiX HeIMHENHbIX KpblCax-camuax. Bce XKMBOTHbIe Obinn pasgeneHbl
Ha crepyiowme rpynnbl: 1-a onbiTHaA rpynna — genctere MU CBY; KOHTponb — noXHble npoueaypbl (6e3 BKIoYeHWA annapata),
2-51 OMbITHAA rpynna — AencTBME NUTbeBON CynbdaTHON MB; KOHTPONb — BOAOMPOBOAHasA BOAA. Vicnonb3oBany TakxKe rpynmny UH-
TaKTHbIX XM1BOTHbIX. Kypc MW CBY (10 npoueayp) npoBoanny Ha NOACHNUYHY0 0611acTb (30Ha NPOeKUMM HaiMOYEUYHMKOB) C MOMOLLbIO
annapata «AKBaTOH-2» (M/owWwaab NoToka MowHocTM — 1 MKBT/cm?, yactota — okono 1000 M, Bpemsa BO3AeNCTBUSA — 2 MUHYTHI).
MuTbeBylo cynbaTHylo MarHMeBo-KanbLyeBo-HaTpreByto MB (koHueHTpauua cynbdaTt-noHoB — 1,93 r/n, muHepanusauua — 3,05 r/n)
BBOAWIN BHYTPVXENYy[oUYHO no 3 mn, Bcero 16 npouenyp. O6bekT nccnegosanus: AKLL nyukoBoii 30Hbl HaanoyeuHnKoB. MeTogbl nc-
CnefoBaHUA: TPAHCMUCCUOHHAs SNeKTPOHHAA MUKPOCKONKWsA, MopdomMeTpus.

PE3YJIbTATbl U OBCYXXAEHUE. [eiictere SMW CBY B ncnonblyemom pexvive 13 AByx GOpm pereHepauum CTMMynMpoBano TONbKO
ofiHY — BHYTPMOPraHOVAHYO, YTO MPVBOAWIO K OTUETIMBOMY YKPYMHEHWIO MUTOXOHAPWIA 1 MOBbLILIEHNIO X GMO3HEPreTMYecKoro
noTteHumana. Pa3sutme grucbanaHca B npoLeccax pereHepaumm, CBA3aHHOTO C YMeHbLUeHEeM YMCSIEHHOCT MUTOXOHAPUIA U, COOTBET-
CTBEHHO, C NoJaBJIeHNeM OpraHOMAHON pereHepauny, Bbi3biBan onpeaeneHHoe CTPeCCoOpPHOe HamnpaKeHve B pa3BUTUN afanTaLyoH-
HbIX peakuuii. Mpy npumeHeHUn NUTbeBoN cynbdaTtHo MB B MUTOXOHAPMAX OTMeYanock 6onee cbanaHCMpPOBaHHOE pa3BUTUe obenx
bopm pereHepaumu, Npv STOM Bo3pacTana Kak Macca MATOXOHAPWI, Tak U UX BMO3HepreTUYeCKUin NoTeHLnarn.

3AKJTIOYEHUE. MpumeHeHve MU CBY u nutbeBol cynbdpatHoit MB Bbi3biBano B MutoxoHapusax AKLL pasHoe no MHTeHCMBHOCTU
ycuneHve pereHepaTopHO-rMnepnIacTUYecKnx NpoLLeccoB 1 NOBbILWEHVE NX B1O3HepreTMYeckoro noteHUmnana. Pesynstatbl nccneno-
BaHUs MO3BOJIAIOT MOHATb XapaKTepHble 0COOEHHOCTN B MexaHM3max gencteusa MU CBY n nutbeBolt cynbdaTHo MB Ha npouecchl
pereHepauum 1 6riosHepreTMyeckon agantauuy B mutoxoHapusx AKLL, KoTopble cnegyeT yunTbiBaThb Npy pa3paboTke HOBbIX CNocoboB
NPOGUNAKTUKIN 1 peabunmTaLmm B KNMHNUKE.
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Ultrastructural Analysis of Mitochondria in Rat Adrenal Cortex Cells
Exposed to Electromagnetic Radiation and Drinking Mineral Water
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National Medical Research Center for Rehabilitation and Balneology, Moscow, Russia

ABSTRACT

INTRODUCTION. The application of therapeutic physical factors, different in their nature, such as low-intensity ultrahigh frequency
electromagnetic radiation (UHF EMR) and drinking sulphated mineral water (MW), causes the increase of regeneration processes
of intracellular ultrastructures, including mitochondria. Meanwhile, the mechanisms of development of these adaptation reactions
remain understudied. Further study of mitochondria exposed to microwave EMR and drinking sulfate MW should be carried out in cells
of the of the fascicular zone of the adrenal glands — adrenocorticocytes (ACC), which play an important role in regulating adaptation
processes in the body.

ARM. To study the nature and development features of adaptive ultrastructural changes in the mitochondria of the ACC of the fascicular
zone of the adrenal glands of rats that are exposed to microwave EMR and drinking sulfate MW.

MATERIALS AND METHODS. Experiments were conducted on 23 white nonlinear male rats. All animals were divided into
groups: the 1st experimental group — the effect of microwave EMR; control — false procedures (without turning on the device).
The 2nd experimental group — the effect of drinking sulfate MW; control — tap water. A group of intact animals was also used.
A course of microwave EMR (10 procedures) was performed on the lumbar region (the area of projection of the adrenal glands) using
the Aquaton — 2 devices (power flow area of 1 MW/cm?, frequency of about 1000 MHz, exposure time 2 minute). Drinking magnesium-
calcium-sodium sulfate MV (sulfate ion concentration — 1.93 g/I, mineralization — 3.05 g/l) was administered intragastrically in 3 ml,
for a total of 16 procedures. The object of the study: ACC of the fascicular zone of the adrenal glands. Research methods: transmission
electron microscopy, morphometry.

RESULTS AND DISCUSSION. The effect of microwave EMR in the used mode stimulated only one of the two forms of regeneration,
the intraorganoid one, which led to a distinct enlargement of mitochondria and an increase in their bioenergetic potential. The
development of an imbalance in regeneration processes associated with a decrease in the number of mitochondria and, consequently,
with the suppression of organoid regeneration, caused a certain stress in the development of adaptive reactions. When drinking sulfate
MW was used in mitochondria, a more balanced development of both forms of regeneration was observed, with an increase in both
mitochondrial mass and their bioenergetic potential.

CONCLUSION. The use of microwave EMR and drinking sulfate MW caused increased regenerative-hyperplastic processes in ACC
mitochondria of varying intensity and increased their bioenergetic potential. The results of the study make it possible to understand
the characteristic features in the mechanisms of action of microwave EMR and drinking sulfate MW on the processes of regeneration
and bioenergetic adaptation in ACC mitochondria, which should be taken into account when developing new methods of prevention
and rehabilitation in the clinic.

KEYWORDS: mitochondria, organoid and intraorganoid forms of regeneration, adrenocorticocytes, electromagnetic radiation,
drinking sulfate mineral water, experiment
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BBEAEHUE

MuToxoHAPUM ABRAAIOTCA BaXXHOW OPraHension B U3-
YUYEHUN MexaHu3ma [eNcTBMA nedyebHbiX ¢usanyeckmx
¢dakTopoB. o coBpemMeHHbIM MpefcTaBieHNAM, Kpome
CBOEN OCHOBHOW ¢YHKUMKU (BblpaboTKka 3Heprun), Mu-
TOXOHAPWM YYacTBYIOT B 3aBMCMMOCTM OT TWMa KNeToK
B Pa3fMYHbIX CTPYKTYPHO-MeTabonmuyeckux peakuymsax,
B YaCTHOCTM, B MpoLeccax CMHTe3a 1 CeKpeunn, Npoayk-
LUMKM akTMBHbIX GOpPM Kucnopoga, perynaumm anonTtosa,
KNneToyHoM romeocTase [1-4]. [loka3aHO, UTO MUTOXOH-
Apun BblpabaTbiBalOT pasnvyHble cneynduyeckme 6enku,
KOTopble CNOCOOCTBYIOT KakK CAMAHMUIO CaMUX MUTOXOH-
Apui (B YacTHOCTK, B YCNOBUAX aeduumnTa SHEpPrum 1 npu
pa3BUTUN CTpecca), Tak U HA0OOPOT, CTUMYNUPYIOT UX Je-
neHue [5-8]. MpoBoaATcA pasnnyHble UCCNefoBaHUA MO

LeneBoMy BO3AENCTBMIO Ha MUTOXOHAPUW MPU pasnmny-
HOW MaTonorMm 1 CTapeHny opraHvMama C NpUMeHeHnem
MUTOXOHAPUANbHO-HAMpPaB/IEHHbIX AHTUOKCUAAHTOB [2,
9, 10]. Pa3paboTka Takoro neyebHoro nogxopa, rae Mu-
TOXOHAPWUM CTAHOBATCA «TEepPaneBTUYECKOW MULLEHbIO»,
npofomkaeT akTMBHO Pa3BUBaTbCA B Pa3HbIX acrneKkTax
[2, 11]. B cBeTe npeAcTaBNeHHbIX AaHHbIX MNepPCneKTUB-
HbIM ABNAETCA U3yuYeHVWe MUTOXOHAPUN Mpu AeNCTBUM
neuyebHbIX dr3myeckmx GakTopoB PasnMUHON MPUPOLbI,
B YaCTHOCTU, HU3KOWHTEHCMBHOIO 3JIeKTPOMarHUTHOro
nsnyyenma (AMW) ceepxsbicokor vacTtoTbl (CBY) n nu-
TbeBoOW cynbdaTHOM MUHepanbHol Boabl (MB), obnagato-
LUX aHTUOKCUAAHTHBIM U MeMBPaHOCTabUAN3NPYIOLL UM
addeKkTamy, KoTopble NexxaT B OCHOBE KX JleyebHo-npo-
dunakTnueckoro n peabunutauynoHHoro aenctauma. Mpu
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3TOM OblNN BblABNEHbI aKTMBaLMA MUTOXOHAPUANbHbIX
pereHepaTopHO-TMNepnaacTUYeCcKnX peakuun, ysenu-
yeHne MacCbl MUTOXOHAPWIA KU UX dHeproobecneyeHue
[12-14]. JanbHenwwee n3yyeHne MeXaHU3MOB aganTayunm
MUTOXOHAPUN LienecoobpasHo NPoBeCTM B KneTKax nyu-
KOBOW 30Hbl HagMO4YeYyHWKOB — afpeHOKOPTUKOLUUTaX
(AKL), yto cBAi3aHO C onpegeneHHON cneunduKkon B nx
CTPYKType 1 ¢ ux ¢pyHkunen. B ocHoBHOM 3To nponABna-
eTcs B 6onee KpynHbIX pa3mMepax Kak cammx KNeTok, Tak
N X MUTOXOHAPUI, KOTOPbIE BbINMOHAIOT K/IOYEBY0 POJib
B CMHTe3e MIOKOKOPTUKONAHbIX FTOPMOHOB [1, 3, 4, 6].

LEJIb

M3yyeHune xapakTepa U ocobeHHOCTEN pa3BUTKA agan-
TaLMOHHbIX YNIbTPACTPYKTYPHbIX MU3MEHEHNA MUTOXOHAPUIA
AKL| nyykoBOW 30HbI HAANOYEYHNKOB KPbIC MPU AeNCTBUN
SMMW CBY n nutbesol cynbdatHom MB.

MATEPWUANbI U METOAbI

JKcneprMeHTbl NpoBefeHbl Ha 23 HeNMHENHbIX Kpbl-
cax-camuax maccon 220-250 r, KoTopble Obinn MonyyeHbl
13 nuToMHKKa «Cton6osasa» OIBYH «HayuHbIln LeHTp 6uro-
MeAnUMHCKMX TexHonorni OefepanbHOro Mefuko-6uono-
rMYecKoro areHTCTBax». MiccnegoBaHmA OCyLLECTBNANN B CO-
OTBETCTBUW C MpaBunamu nposefeHna paboT C Ucnosnb-
30BaHMEM 3KCMepPUMEHTasIbHbIX »KUBOTHbIX (TpeboBaHMA
EBponeiickon KOHBEHL MU NO 3aLuTe SKCNepUMEHTaNbHbIX
XunBOTHbIX (CTpacbypr, 1986)). MeTogom paHZoMM3aLMK
XKMBOTHble ObINN pacnpegeneHbl Ha 5 rpynn. X1BOTHbIe
1- onbITHOW rpynnbl (1 = 5) nogBepranncb AeNCTBUIO
SMW CBY; B KOHTponbHOM rpynne (n = 5) Bmecto MU
CBY xnBOTHblE MonyYanu NoKHble npoueaypbl (annapat
He BKJoYanu). MKMBOTHble 2-I OMNbITHOM rpynnbl (N = 5)
nonyyanu NUTbeBylo CynbdaTHYIO MarHMeBO-KanbLMeBO-
HaTpueByto MB (koHueHTpauua cynbpata — 1,93 r/n, mu-
Hepanu3auma — 3,05 r/n); B KOHTpOJsIbHOW rpynne (n = 5)
BMecTO cynbdaTHoM MB XM1BOTHble MONyYanu BOJOMNPOBO-
[Hyt0 BoAy. Micnonb3oBannch TakxKe MHTaKTHbIE XKMBOTHbIE
(n = 3), KoTopble HMKaKNM BO3[eNCTBMAM He MOABEPranuch.
Bo3pernctere MU CBY (kypc u3 10 npoueayp) nposoannu
Ha MOACHUYHYI0 0651acTb (30Ha NPOEKLUN HaJNOYEYHNKOB)
C nomolbto annaparta «AKBaTOH -2» (NMIOTHOCTb MOTOKa
MoLYHOCTY — 1 MKBT/cm?, yacToTa — okono 1000 MIy, Bpe-
MsA BO3[eNcTBmA — 2 MUHYTbI). MB 1 BogonpoBogHyio Bogy
BBOAWIIN KPblCaM BHYTPUMENYAOYHO Yepes Uriy C ONnBONA
Ha KoHLe, 1 pa3 B AeHb o 3 mn B TeyeHue 16 gHen. KneoT-
HbIX BbIBOAMIIA M3 SKCNEPMMEHTa NyTEM ANCIOKaLMK LWei-
HOro oTgena No3BOHOYHMKa NOC/Ie OKOHYaHKA Kypca npo-
uepyp. [lnAa aneKTPOHHO-MUKPOCKOMMYECKUX MCCefjoBa-
HMIA 0bpa3Lbl KOpbl HagMoYeYHNKOB GuKcuposanu B 2,5 %
pacTBope rnoTapanbaernga, noctgrkcmposanu B 1% pac-
TBOpe 0s0,. Mocne o06e3oxmMBaHNA 06pa3sLbl 3aKoyany
B CMeCb 3MOoHa 1 apanguTa. MiccnefoBaHna NpoBOAUAM Ha
3NEKTPOHHOM MuKpockone Libra 120 (fepmaHus) ¢ npo-
rpammont Carl Zeis Texnology System Division, kKoTopas
BK/IOYAET MaTemMaTUuyecKyto obpaboTKy BHYTPUKIETOUHbIX
cTpyKTyp. OcywectBnanu moppomMeTpuyecknin aHanms
MUTOXOHAPUIA (YNCNO, CPEAHAA 1N CyMMapHaa niowagm).
KonunuectBeHHyt0 OLeHKY MOMyYeHHbIX JaHHbIX MPOBOAU-
NN C MOMOLLbIO METOAOB BapMaLMOHHOW CTaTUCTUKK. [Ana
OLEHKM [OCTOBEPHOCTM Pa3finunii CPaBHUBAEMbIX Benu-
UMH ncnonb3oBanu t-kputepuii CrblofeHTa. [JocToBepHbI-
MU cunTanu pasnuuma npu p < 0,05.

ARTICLES

PE3YJIbTATbl U OBCYXAEHUE

B npoBeaeHHOM nccnegoBaHmm pasnvyanu ase Gpopmbl
pereHepauyun mutoxoHapun AKL, — opraHoungHyto (n3me-
HeHMe KOMMYeCTBa MUTOXOHAPWIA) U BHYTPUOPraHOWLHYIO
(U3MeHeHne pa3MepoB MUTOXOHAPWIA U YMCIa BHYTPUMUTO-
XOHZPWanbHbIX CTPYKTYP — KPUCT). YCTaHOBNIEHO, UTO Y XK-
BOTHbIX KOHTPOMbHOM rpynnbl K gencranio MW CBY konu-
YeCTBO MUTOXOHAPUIN COXPAHANOCh, HO MPY 3TOM NPOUCXO-
LWNO CHWXKEHME MX cpefiHen nnowaau (Ha 26,4 %, p < 0,01)
1 ymncna KpucT (Ha 23,1 %, p < 0,01) B cBA3U ¢ ocnabneHrem
NpoLeccoB BHYTPMOPraHongHom ¢Gopmbl pereHepaLmu.
CnepcTBuem 3TUX U3MEHEHUI ABAANOCH YMEHbLUEHWE CYM-
MapHOWN MAOWaan MUTOXOHAPWI. Y XNBOTHbIX KOHTPOJb-
HOW rpynnbl K AencTButo NutbeBort MB, Hao6opoT, OTMeuYa-
JI0Cb YMEHbLUEHMe KONmyecTBa CaMnX MUTOXOHAPUIA 1 yBe-
NMYeHne nx cpepHen nnowaan (Ha 23,9 %, p < 0,01), uto
6blfI0 CBA3AHO CO CHMPKEHMEM aKTMBHOCTU OPraHOMZHOMN
N YCUNEHMEM BHYTPUOpPraHouaHom ¢opmMm pereHepauuu.
Bce 3T nameHeHnA NpmMBOAUAN K CHUXKEHNIO CYMMapHOM
(obLien) Nnowagn MUTOXOHAPWI U K OCabneHnto B TOW U
NHOW Mepe 61nosHepreTnyecknx pecypcos B AKL, y »KnBoT-
HbIX 061X KOHTPOJbHbIX FPYM.

MNMpumeHeHne neyebHbIX ¢Gr3nYecknx GakTopoB Bbi3bl-
BaJ10 yCU/eHMe Pa3BUTNA B OCHOBHOM O HOHAMPaBEHHbIX,
HO pa3HbIX MO WHTEHCUBHOCTU pereHepaTOpHO-rMnepna-
CTUYECKMX peaKkunii B MUTOXOHAPUAX. B Hanbonbluen cte-
MeHn OHW NPOABNANUCL Npu gencteum MU CBY, ocobeH-
HO MoABeprajncb U3MeHeHUAM CpedHAA nnowagb MUTO-
XOHApWI (yBennyeHune Ha 69,8 %, p < 0,01) 1 uncneHHOCTb
KpWCT (yBenmyeHune Ha 68,6 %, p < 0,01) (puc. 1). 3T casurn
npeacTaBnAnm cobon npoueccbl rmnepTpodun MUTOXOH-
APViA, pa3BMBaBLLMECA B COYETAHUN C rMnepnsasnent BHy-
TPUMUTOXOHAPUANbHBIX CTPYKTYP — KpuUCT. B pe3ynbrate
MUTOXOHAPUM CTAHOBUNINCL 6osiee KPYMHbLIMA 11 MOLLHbIMU
SHepreTnyeckumn cTpyktypamm. OgHako npu 3Tom nNpowc-
XOAIMNO, YTO BaXXHO OTMETUTb, CHUXKEHMEe 00LLero Konmye-
CTBa MUTOXOHZPWI (Ha 28,2 %, p < 0,01), KOTOpPOE NOBAUANO
M Ha UX CYMMapHYI0 MoLlajb: OHa Bo3pacTania no cpaBHe-
HWIO C KOHTPOJIEM, HO He JOoCTUraNa YPOBHSA MHTaKTa (puc 1).
Takne n3meHeHUA B COOTHOLUEHWW UCCeAyeMbIX MOKasa-
Tenen mutoxoHapun npu gencremn SMU CBY cenpeTtenb-
CTBOBANN O BblPaXXeHHOM YCUIEHNN BHYTPUOPraHOWUHOMN
dopMbl pereHepaLn 1 NOAABAEHUN OPraHOUAHOW, YTO
yKa3blBano Ha onpegeneHHyo HanpaXKeHHOCTb B Pa3BUTUN
3TUX ajanTaLMOHHbIX peakLuia.

Mpw pencteum nuTbeBo cynbpatHon MB (puc. 2), B OT-
nnune ot MU CBY, uncno MUTOXOHAPWIA HE CHUXKANOCb,
a HaobopoT, Bo3pacTano (Ha 13,6 %, p < 0,05) No cpaBHEHMIO
C KOHTPOJIeM, YTO YKa3blBasio Ha akKTUBALMIO OpraHoOUZHOMN
bopMbI pereHepaLn MUTOXOHAPWUIA, KOTOpasa coyeTasnacb
C BHyTpropraHongHon. MNpu 3Tom cpegHAa nnowaib MUTO-
XOHAPWI NPaKTUYeCKN He M3MeHANACh, O4HAKO YACIEHHOCTb
KPWCT, Kak BeCbMa BaXKHbI/I MOKa3aTeslb BHYTPUOPraHoWA-
HOWN pereHepaLuu, NPOABAANIA TEHAEHUMIO K MOBbILLEHNIO
(Ha 8,4 %). B 3Tux ycnoBuax cymmapHas nnowiagb MATOXOH-
Apwvi Bo3pacTana Ha 16,1 % (p < 0,05) No cpaBHEHNIO C KOHT-
ponem n B BUAe TeHAEHUMM NpeBbIllana YpoBeHb UHTaKTa.
CnepoBaTenbHO, NPV MPUMEHEHUN NUTLEBON CynbdaTHOM
MB xapaKkTepHbIM ABNANOCH JOCTOBEPHOE YBEIMYEHNE YNC-
1la MUTOXOHAPUIN 1 CYMMAPHOW MX NAOLaAn No CPaBHEHNIO
C KOHTPONEeM, XOTA OMOSHepreTUYeckuin noTeHuman 3Tmx
MUTOXOHAPUI (C y4eToM 6051Ie€ HU3KOWM YNCIEHHOCTI KPUCT)
6bl1N1 BblpaXkeH cnabee, yem npu gencteumn MU CBY.
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Puc. 1. YNbTpacTpyKTypHasa XapakTepucTrika MUTOXOHAPWIA afpPeHOKOPTUKOLUTOB MYYKOBOW 30HbI KOPbI HafnoyeyHu-
KOB Npwv AENCTBMUN EKTPOMArHUTHOIO N3NTyUYeHNA CBEPXBbICOKOI YacTOTbI

Fig. 1. Ultrastructural characteristics of mitochondria of adrenocorticocytes of the fascicular zone of the adrenal cortex
when exposed to ultrahigh frequency electromagnetic radiation

MpumeyaHue: Caemibie CMONOUKU — KOHMPOIIb; MeMHblE — 3/1IeKMPOMAZHUMHOE U3JTyHeHuUe C8epxabiCoOKOU Yacmomebl;
A — Koslu4ecmeo MumoxoHopuli; B— cpedHsas ninowjade mumoxoHopud; C — cyMMapHas naoujads MumoxoHopud; D — ko-
Jnudecmeso kpucm. + — p <0,01 no cpasHeHuUto ¢ uHMakmuou epynnod, “— p < 0,01 no cpasHeHuUto ¢ KOHMPOIbHOU 2pynnodl.
Note: Light columns are control; dark columns are ultrahigh frequency electromagnetic radiation; A — the number of
mitochondria; B — the average area of mitochondria; C — the total area of mitochondria; D — the number of crystals.
+ — p <0.01 compared to the intact group, " — p <0.01 compared to the control group.
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Puc. 2. YnbTpacTpyKTypHasa XapakTepucTnka MUTOXOHAPUN agpeHOKOPTUKOLIMTOB NMYUYKOBOW 30HbI KOPbl HAa4MoYeYHN-
KOB Npu AencTBUY CynbhaTHON MUHepPanbHOM BOAbI

Fig. 2. Ultrastructural characteristics of mitochondria of adrenocorticocytes of the fascicular zone of the adrenal cortex
under the action of sulfate mineral water

lMpumeuaHue: Ceemsisbie cMoI6UKU — KOHMPOJIb; MeMHble — Cy/b@hamHas MuHepanbHas 800d. A — Kosu4ecmso Mumo-
XOHOpuU; B — cpedHasa nnowyads mumoxoHopul; C — cymmapHas naowads MumoxoHopud,; D — konuyecmeo kpucm. + —
p < 0,01 no cpasHeHuro ¢ uHMakmuou epynnodi, " — p < 0,05 no cpagHeHUto ¢ KOHMPOsIbHOU 2pynnodl.

Note: The light bars are control; the dark ones are sulfate mineral water. A— the number of mitochondria; B — the average
area of mitochondria; C — the total area of mitochondria; D — the number of crystals. + — p < 0.01 compared to the intact
group, " — p < 0.05 compared to the control group.
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Takum obpasom, npumeHeHne MU CBY n nutbesoi
cynbdaTHo MB BbI3blBano ycuneHvie aganTaLOHHbIX CABM-
ros B MUToXoHAPMAX AKLL, 0OCHOBY KOTOPbIX COCTaBNANM pe-
reHepaTopHO-TUNepnIacTyeckre peakuny, NPoABABLLN-
ecAa B ABYX ¢opmax pereHepauum — OpraHOUZHOWN U BHY-
TpropraHouaHom (BHYTPUMUTOXOHAPUanbHow). OKaszanoch,
uTo nccnegyemble GakTopbl NMO-pPa3HOMY CTMMYUPOBaNN
311 dopmbl pereHepauun: IMU CBY — TonbKo BHyTpropra-
HOWZHY0, NMUTbeBas cynbdaTHaa MB — B 6osbLuel mepe op-
raHOMAHY!0, HO B COYETaHUN C BHYTpropraHonaHomn. OCHOB-
HOW MPUYMHOW 3TUX Pa3NNUNIA ABNANACh Pa3Hasa NHTEHCKB-
HOCTb BO3[eNCTBUA nccnenyemMblx GakTopoB Ha OpraHmn3m.

Mpwn npumeHeHun MW CBY Ha obnacTb HagnoyeyHu-
KOB OpraHu3m BKtouan Ty ¢opmy pereHepaLiv MUTOXOH-
apwvin AKLL, koTopas 6bina HeobxoarMa Ans GbicTporo pe-
arvpoBaHuA Ha AencTeyoWwmi GakTop B CBA3M C BblpaXkeH-
HbIM ycuneHnem GyHKLMOHaNbHOM Harpy3ku 1 MoBblLUeH-
HbIM NOTpe6IeHeM SHePIUN B KNeTKaxX 30Hbl BO3LENCTBUA.
W Takow peakupen CTaHOBMNACh BHYTpYOpraHonaHasa pere-
Hepauwua, KOTopasa yBennuMBaa Yncsio CTpyKTyp, Npon3Bo-
AAwmx ageHo3nHTpudocdat (ATO), — Kkpuct. OgHako B CBS-
31 C TeM, YTo NOTPeOHOCTb B SHEPruM ABHO MpeBbillana
BO3MOXXHOCTb €e NMPOU3BOACTBA 1 He Obifa yA0BNEeTBOPEH],
BK/IOYANCA JOMOMHUTENbHbIN MexaH13M afjanTauuu, CBA-
3aHHbIV CO CIMAHNEM MUTOXOHAPWIA ANA NOBbILEeHUA O61o-
SHepreTuKu [5, 6]. Tem cambiM OpraHM3my NPULLIOCh B 3THX
YCNOBUAX «KEePTBOBATbY» YNCIOM MUTOXOHAPUIA B OOMEH Ha
CO3aHMe YKPYMHEHHbIX B pe3yfbTaTe CMAHMA 1 06pa3zo-
BaHWA 6onee MOLLUHbIX MUTOXOHAPWI, YTO B CBOIO ouepefb
BbI3bIBAJIO CHWXKEHME WX CymMMapHon nnowaau (obuien
maccbl). Mpu BAMAHKMKM nNuTbeBol cynbdaTHonm MB, Korga
OTCYTCTBOBaJIa HEOOXOANMOCTb B ObICTPOM pearmpoBaHni
Ha pencteume aToro $pakTopa, MPOUNCXOAUIO OTHOCUTENBHO
cbanaHcMpoBaHHoe pasBuTre 0benx Gopm pereHepaumu.
B 3Tux ycnoBuax MUTOXOHAPUM GYHKLMOHUPOBaNM Ha 60-
nee ycTouMBoM Gr3MONOrNYECKOM YPOBHe, UTO Oblno
CBA3aHO C JOCTOBEPHbIM YBEIMYEHVNEM WX YMCIIEHHOCTM,
CYMMapHOW NoWaan 1 BO3poCWM GrosHepreTnyecknm
pecypcom.

BbiAaBNeHHble afanTaLOHHble NePecTPONKN ABAANNCH
pe3ynbTaToM aHTUOKCUAAHTHOrO U MembpaHocTabunmsu-
pytowero genctaua SMU CBY n MB Kak HenocpefCcTBEHHO
Ha MeMbpaHHble CTPYKTYpbl KJIETOK U UX MUTOXOHAPUM,
TaK 1 Ha perynaTopHble CUCTEMbl OpraH1u3mMa C npermyLle-
CTBEHHbIM Pa3BUTUEM peaKLnii Hecneunprnueckoro xapak-

Tepa. B HanbonbLien cteneHn 3T peakuumn NpoABAANINCh
npw gencteumn MM CBY (kak oka3anocb, He B MOSHON Mepe
afieKBaTHbIM), NPU KOTOPOM YBENNYMBAINCb KONNYECTBEH-
Hble CABUMU, HO TEPANNCH KaueCTBEHHbIe (cneyundunyeckmne)
0COBEHHOCTM B OTBETHbIX PeakumaAX OpraHn3mMa, 4to npu-
Besio K ancHanaHcy B pa3Butun Gpopm pereHepawumu.

B ycnoBuaAx gencTena nutbeBom cynbdaTtHom MB, Hanpo-
TUB, 6bII OUEBUAHDI M KaueCcTBEHHblE 0COOEHHOCTU B afan-
TaLMOHHbIX NepecTporiKax MUTOXOHAPWIA, 00yCNOBNEeHHbIE
n3bmpaTenbHbiM LENCTBMEM KOMIJIEKCa WOHOB, MaKpo-
N MYKPO3/1IEMEHTOB — NPUPOAHBIX PEryNATOPOB MeTabonu-
YyecKmnx nNpoLeccoB. B 3Tom nnaHe 6osblie M3BECTEH MeXa-
HU3M JeNCTBMA KanbLus, KOTOPbIN CnocobeH BMELLVIBATLCA
B MUTOXOHAPVASbHbBIN MeTabonnsm, perynnpys BblpaboTKy
ATO, a TakKe NOABVXHOCTb MUTOXOHAPUIA ana obecneyve-
HWA MECTHOIO 3HeProcHabXkeHWA B KneTke [15, 16].

3Tn v gpyrue cneymdpmnyeckne ocobeHHOCTY B AeNCTB
MB cnocobcTtBoBanu 6onee WNPOKOMY Pa3BUTUIO apanTa-
LIMOHHbIX peaKkuuin, KOTopble, MO CBOE COBOKYMHOCTH, CTa-
HOBMWNCb OCHOBOW AnA cHbanaHCMPOBaAHHOIO (rapMOHWUY-
HOro) pa3BuTUA 06enx GpopM pereHepaLi MUTOXOHAPWIA.

3AKJTIOMEHUE

MNpumeHeHne MU CBY n nutbeBon cynbdatHon MB
BbI3blBano B MutoxoHApunAax AKL| nyykoBon 30HbI Hagno-
YEYHUKOB pa3HOe MO WHTEHCMBHOCTU YCUNEHME pereHe-
paToOpHO-TMNepnIacTUYecknx MNpPoLLecCoB U MOBbIIEHNe
nx 6rosHepreTMyeckoro noteHuymana. Ana ontummsaymm
afanTyBHbIX NpoLeccos Npu npumeHeHnn SMU CBY, nven
B BUZY B OCHOBHOM aKTVBaLuo 0berx Gopm pereHepaLlmm
N MOBbIEHNEe MUTOXOHAPWANbHbIX PecypcoB, crnegyet
ncnonb3oBatb Gonee afeKBaTHbIE PeEXUMbl BO3LENCTBUA
sToro ¢aktopa. Pe3ynbraThl MCCnefoBaHMA NO3BONAIOT MO-
HATb XapaKTepHble 0COOEHHOCTN B MeXaHn3Max AenCTBUA
OMW CBY n nuTtbeBol cynbdatHo MB Ha ynbTpacTpyKTypy
muToxoHapui AKL,, KoTopble BaXKHO yunTbiBaTb Npu paspa-
60TKe HOBbIX CNOCO60B MPOdUNAKTUKM U peabunuTalmm.
Heobxoanmo panbHeliee n3yyeHne aganTalOHHbIX W3-
MEHEHMWIN MUTOXOHAPUI NOA BANAHNEM NieyebHbIx dusnye-
CKMX GaKTOpOB 1 pa3BUTME B LIETOM MUTOXOHAPWANbHOMO
HanpaBJ/ieHNA NCCNefoBaHN B KypopTtonorun n ¢pusnoTte-
panun (B paMKax MATOXOHAPWanbHON MeanLmHbl [17]), uto
6ynet cnoco6cTBOBaTb MOBbLIWEHNIO 3G GEKTUBHOCTM MPO-
BOAVMbIX NeyebHO-NPodUNaKTUUECKNX 1 peabunmTaLMoH-
HbIX MEpPONPUATHIA.
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UctouHnkn puHaHcmpoBaHuA. [JaHHOe UCCiefoBaHne He
6bINo NoaaepKaHO HUKAKMMK BHEWHUMY UCTOUYHUKaMK Gpu-
HaHCUPOBAHMA.

KoH$pnukT nHrepecoB. ABTOPbI AEKNApUPYIOT OTCYTCTBME
ABHbIX 1 NOTEHLUMANbHbIX KOHQNKTOB MHTEPECOB, CBA3AHHbIX
¢ nybnvKaumen HacTosLwen cTaTby.

BECTHUK BOCCTAHOBWUTENIbBHOM MEQULIUHDI | 2025 | 24(4)

JTuyeckoe yTBepKAeHMe. VccnefoBaHUs OCyWecTBAANN
B COOTBETCTBUU C TpeboBaHUAMU EBponenckor KoHBeHLUN
Mo 3aLnTe SKCNEePUMEHTANbHbIX XKNBOTHbIX (CTpacbypr, 1986).
JocTyn K saHHbIM. [laHHblEe, NOATBEPXKAAlOLLME BbIBOAbI 3TOrO
NCCNIeAOBAHNA, MOXKHO MOYUYNTb MO 060CHOBAHHOMY 3ampocy
y KOppecnoHAvpyoLero aBTopa.

ADDITIONAL INFORMATION

Yury N. Korolyov, D.Sc. (Med.), Professor, Head of the Department
the Study the Mechanisms of Action of Physical Factors, National
Medical Research Center for Rehabilitation and Balneology.
E-mail: korolev.yur@yandex.ru, korolevyn@nmicrk.ru;

ORCID: https://orcid.org/0000-0001-5530-1538

Liudmila A. Nikulina, Ph.D. (Med), Senior Researcher of the
Department the Study the Mechanisms of Action of Physical
Factors, National Medical Research Center for Rehabilitation
and Balneology.

ORCID: https://orcid.org/0000-0003-2200-868X

Lyubov V. Michailik, Researcher of the Department the Study
the Mechanisms of Action of Physical Factors, National Medical
Research Center for Rehabilitation and Balneology.

ORCID: https://orcid.org/0000-0002-9717-4749

Author Contributions. All authors confirm their authorship
according to the international ICMJE criteria (all authors

contributed significantly to the conception, study design
and preparation of the article, read and approved the
final version before publication). Special contributions:
Korolev Yu.N. — conceptualization, formal analysis, writing —
original draft, writing — review & editing; Nikulina L.A. —
investigation, formal analysis; Michailik L.V. — investigation,
formal analysis.

Funding. This study was not supported by any external
funding sources.

Disclosure. The authors declare no apparent or potential
conflicts of interest related to the publication of this article.
Ethics Approval. The research was carried out in accordance
with the requirements of the European Convention for the
Protection of Vertebrate Animals used for Experimental and
other Scientific Purposes (Strasbourg, 1986).

Data Access Statement. The data that support the findings
of this study are available on reasonable request from the
corresponding author.

10.

12.

13.

14.

Cnucok nutepaTtypbl/References

Vega-VasquezT., Langgartner D., Wang J.Y., et al. Mitochondrial morphology in the mouse adrenal cortex: Influence of chronic psychosocial stress.
Psychoneuroendocrinology. 2024; 160(4): 106683. https://doi.org/10.1016/j.psyneuen.2023.106683

Caldeira D.AF,, Weiss D.J., Rieken PR.M.,, et al. Mitochondria in focus: from function to therapeutic strategies in chronic lung diseases. Frontiers
Immunology. 2021; 12: 782074. https://doi.org/10.3389/fimmu.2021.782074

Bassi G., Sidhu S.K., Mishra M. The Expanding Role of Mitochondria, Autophagy and Lipophagy in Steroidogenesis. Frontiers Immunology. 2021;
10(8): 1851. https://doi.org/10.3390/cells10081851

Valero-Ochando J., Canto A., Lopez-Pedrajas R., et al. Role of Gonadal steroid hormones in the eyes: therapeutic implication. Biomolecules. 2024;
14(10): 1262. https://doi.org/10.3390/biom14101262

Garci M.M., Paz,, Castillo A, et al. New insights into signal transduction pathways in adrenal steroidogenesis: the role of mitochondrial fusion, lipid
mediators, and MARC phosphatase. Frontiers endocrinology. 2023; 14: 1175677. https://doi.org/10.3389/fendo.2023.1175677

Rong Yu., Lendah U., Nister M., Zhao J. Regulation of mammalian mitochondrial dynamics: opportunities and challenges. Frontiers Endocrinology
2020; 11: 374. https://doi.org/10.3389/fend0.2020.00374

Ferry A., Shirihai O. Mitochondrial dynamics: The Intersection of form and Function. Advance in Experimental Medicine and Biology. 2012;
748: 13-40. https://doi.org/10.1007/978-1-4614-3573-0_2

Yule R.J., Van der Blick A.M. Mitochondrial fission, fusion, and stress. Science. 2012; 337(6098): 1062-1065. https://doi.org/10.1126/science.1219855

Birch J., Barnes P, Passos J.F. Mitochondria, telomeres, and cell aging: implications for lung aging and disease. Pharmacology 2018. 183: 34-49.
https://doi.org/10.1016/j.pharmthera.2017.10.005

bakeeBa J1.E. Bo3pacT-3aBrCHMble N3MEHeHWA YNbTPacTPYKTypbl MuToxoHapuii. feictene SkQ1. Buoxumua. 2015; 8(12): 1843-1850. [Bakeeva L.E.
Age-dependent changes in the ultrastructure of mitochondria. SkQ1 action. Biochimiya. 2015; 8(12): 1843-1850 (In Russ.).]

OpaHumaHy E.M., HeckybuHa W.B., Lleiiko E.A. MutoxoHapun TpaHCHOPMUPOBAHHON KNETKU Kak MULLIEHb MPOTUBOOMYXONEBOro BO3-
fgencteua. MiccnepoBaHma v npakTvka B mepuumHe. 2020; 7(2): 92-108. https://doi.org/10.17709/2409-2231-2020-7-2-9 [Franzyants E.M.,
Neskubina 1.V., Sheiko E.A. Mitochondria of transformed cell as a target of antitumor. Research and Practical Medicine Journal.2020; 7(2): 92-108.
https://doi.org/10.17709/2409-2231-2020-7-2-9 (In Russ.).]

Kopones O.H., Muxaiinuk J1.B., HukynuHa J1.A. MexaHu3Mbl [eNCTBUA MNWUTbEBON CynbGaTHON MUHepanbHOW BOAbl MNPV MEPBUYHOM
NpodUNaKTNYECKOM 1 neyebHOM NPYIMEHEHVIN B YCITOBMAX SKCMEPVIMEHTaNIbHOMO CTpecca: CPaBHUTESbHbIN aHau3. BeCTHVK BOCCTaHOBUTENbHOW
mMeauuuHbl 2023; 22(4): 3-10. https://doi.org/10.38025/2078-1962-2023-22-4-90-95 [Korolev Y.N., Mikhailik L.V., Nikulina L.A. Drinking Sulphate
Mineral Water Action Mechanisms at Primary Preventive and Therapeutic Application under Experimental Stress: a Comparative Analysis. Bulletin
of Rehabilitation Medicine. 2023: 22(4): 3-10. https://doi.org/10.38025/2078-1962-2023-22-4-90-95 (In Russ).]

Kopones t0.H., HukynuHa J1.A., Muxannvk J1.B. BiusaHne HU3KOMHTEHCMBHOTO 3/1EKTPOMArHUTHOTO U3/lyYeHUs Ha CTPYKTYpHO-MeTabonnyeckre
npoLuecchl Y 340PpOBbIX KpbIC. BECTHUK BOCCTaHOBUTENbHOW MeanLmnHbl.2019; 6 (94): 60-62. [Korolev Yu.N., Nikulina L.A., Mikhailik L.V. Effect of
low-intensity electromagnetic radiation on structural and metabolic processes in healthy rats. Journal of Restorative Medicine and Rehabilitation.
2019; 6(94): 60-62 (In Russ.).]

Kopones 0.H., Muxannuk J1.B., Hukynuxa J1.A. CouetaHHOe AeiicTBrE NUTbEBOW CyNbdaTHON MUHEPanbHON BOAbI Y HU3KOVHTEHCUBHOTO 31EeKTPO-
MarHWTHOFO M3/lyYeHWs Ha CEMEHHUKM KPbIC NPy MeTabonnyeckom cMHApoMe. BeCTHUK BOCCTaHOBUTENIbHOW MeANLMHBL.2022; 21(6): 127-133.
https://doi.org/10.38025/2078-1962-2022-21-6-127-133 [Korolev Yu.N., Mikhailik L.V., Nikulina L.A. Drinking Mineral Water and Low-Intensity
Electromagnetic Radiation Combinational Effect on Rat Testes in Metabolic Syndrome: a Randomized Controlled Study. Bulletin of Rehabilitation
Medicine. 2022; 21(6): 127-133. https://doi.org/10.38025/2078-1962-2022-21-6-127-133 (In Russ.).]

CTATbU


https://orcid.org/0000-0001-5530-1538
https://orcid.org/0000-0003-2200-868X
https://orcid.org/0000-0002-9717-4749
https://doi.org/10.1016/j.psyneuen.2023.106683
https://doi.org/10.3389/fimmu.2021.782074
https://doi.org/10.3390/cells10081851
https://doi.org/10.3390/biom14101262
https://doi.org/10.3389/fendo.2023.1175677
https://doi.org/10.3389/fendo.2020.00374
https://doi.org/10.1007/978-1-4614-3573-0_2
https://doi.org/10.1126/science.1219855
https://doi.org/10.1016/j.pharmthera.2017.10.005
https://doi.org/10.17709/2409-2231-2020-7-2-9
https://doi.org/10.17709/2409-2231-2020-7-2-9
https://doi.org/10.38025/2078-1962-2023-22-4-90-95
https://doi.org/10.38025/2078-1962-2023-22-4-90-95
https://doi.org/10.38025/2078-1962-2022-21-6-127-133
https://doi.org/10.38025/2078-1962-2022-21-6-127-133

BULLETIN OF REHABILITATION MEDICINE | 2025 | 24(4)

15. Glancy B., Balaban R.S. Role of mitochondrial Ca?* the in regulation of cellular energetics. Biochemistry 2012; 51: 2959-2573.

https://doi.org/10.1021/bi2018909

16. Jeyaraju D.V,, Cisbani G., Pellegrini L. Calcium regulation of mitochondrial motility and morphology. Biochimica Biochysica Acta 2009; 1787(11):

13631373. https://doi.org/10.1016/j.bbabio.2008.12.005

17. Uaperopopues A.[., Cyxopykos B.C. MutoxoHzpuanbHas meguuriHa — npobsiembl 1 3agaun. POCCUACKNI BECTHUK NePUHATONOMY 1 NeanaTpun.
2021; 4(2): 4-13. [Tsaregorodtsev A.D. Sukhorukov V.S. Mitochondrial medicine — problems and tasks. Russian Bulletin of Perinatology and
Pediatrics. 2021; 4(2): 4-13 (In Russ).].

ARTICLES

370114V IVNIDIHO | IV 13 ATTOHON ‘N AYNA

95


https://doi.org/10.1021/bi2018909
https://doi.org/10.1016/j.bbabio.2008.12.005

