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PE3IOME

BBEJEHUE. PaHee B 3KcnepuMeHTaNbHbIX NCCNE[0BaHNAX YCTAHOBIEHO, YTO NUTbeBasA CynbdaTHaA MUHepabHasA BOAa
(MB) B ycnoBusx cTpecca Bbi3blBaeT afjanTaLoHHble 3 deKTbl, 3aBUCALLME OT PEXKUMA €€ NCMONb30BaHNA — NPU NepBuY-
Hol NpodrNaKTUKe Un Npu neyeHnr. Bonpoc o ponu pasnmnyHbIX PexxrMoB NpuMeHeHrsa NuTbesbix MB B dopmrpoBaHum
MeXaHM3MOB afanTaunn OCTaeTCA HEBbIACHEHHbIM.

LIENIb. MNpoBecTn cpaBHUTENbHbIN aHanu3 AencTena cynbdatHon MB npu nepBrYHO-NPOGUNAKTMUYECKOM 1 NeyebHOM
NPVMEHEHNN Ha Pa3BUTME afanTaLMOHHbIX METABOIMUECKIMX 1 YNIbTPACTPYKTYPHbIX peakuuii Y KpbIiC B paHHUI NOCTCTpec-
COpPHbIV Nepuroa,

MATEPUAJIbl U METO/bl. DxcnieprmeHTbl NpoBefeHbl Ha 54 6eslbix HeNIMHENHbIX Kpblcax-camuax. OCTpbI MMMOOUNY-
3aLMOHHbIN cTpecc mogenuposanu no metogy Cenbe. Bce XunBoTHble Gbiny pa3geneHbl Ha 5 rpynn: 1-a onbiTHaA rpyn-
na — nepBUYHO-NPOdPUNaKTUYECKOe BIVAHKE NUTbEBOW CynbdaTHON MB; 2-1 onbiTHaA rpynna — neyebHoe AencTere
nuTbeBow cynbdatHol MB; 3-a 1 4-A rpynnbl — KOHTPONW; 5-A rpynna — WHTaKTHble XNBOTHbIE. MTbeByto cynbdaTHy10
MB (KoHueHTpauma cynbdat-noHos 1,93 r/n, MmHepanu3auus 3,05 r/n) BBOAUAW BHYTPUXeay[ouHo no 3 mn, Bcero 18 npo-
ueayp. O6beKTbl UCCIeAOBAHNA: MeYeHb U CEMeHHUKIK. MeTofbl UCCefoBaHNA: OMOXMMMYECKE, CBETOONMTUYECKUE,
MopdOMETPUYECKIME, INEKTPOHHO-MUKPOCKOoNUUYeckre. CTaTUCTUYECKYH0 3HAUMMOCTb Pa3Nnymii OLEeHBaNY C MOMOLLbIO
Kputepua CTbrogeHTa.

PE3YJIbTATbl U OBCYXKAEHUE. YcTaHOBNEHO, UTO Hanbonee BbipaykeHHOE Pa3BUTUE afanTaLMOHHO-3aLMTHbIX peaKkLui
(ycrneHue akTMBHOCTN @aHTUOKCUMAAHTHOWM CUCTEMbI, MOBbILLEHWE CUHTe3a 6eslka, akTrBaLMA MPOoLEeCcCoB BHYTPUKIETOUHOW
pereHepauun) Habnoganocb npu agencrtamum MB B pexkume nepsBuyHomn npodunakTuku. Mpm sTom npoucxogmno ¢opmmupo-
BaHVe 6osee MOLLHbIX MEXaHU3MOB afjanTaLK, CBA3AHHBIX C JOMOIHUTESIbHBIM HAaKOMJIEHEM CTPYKTYPHO-METabonmyeckmx
pecypcoB, OrpaHuMBalOLLMX PA3BUTUE Ae3adanTaLMOHHbIX 1 MATOMOMMYeCcKX NpoLeccos. [Npu neyuebHOM NpUMeHeHUN
MB, B CBA3M C MOCTCTPECCOPHBIMU HapYLLUEHNAMN MEXaHU3MOB Perynaunm, Npoueccbl aganTaLum 1 KomneHcaumm npo-
ABNANMCL cnabee.

3AKNKOYEHME. Pe3ynbTaTbl pacKpbIBaloT HEKOTOPble 0COOEHHOCTM MexaHu3Ma LeCTBMA NTbeBol CynbdaTHon MB Ha pas-
BUTUE KOMMNEHCATOPHO-MPUCIOCOOUTENBHBIX MPOLLECCOB U CBUAETENBCTBYIOT O HEOOXOAUMOCTYN AndPepeHLMPOBaHHOIO
noaxopa B UCMoNb30BaHUN NUTbeBbIX MB ana noBbiweHnA nx 3GPeKTUBHOCTI B KOMMAIEKCHON NpodunakTuke 1 neyeHnm
OpraH13mMa oT NoBPEXAALLEr0O AENCTBUA PA3NINUYHBIX CTPECCOTeHHbIX GpaKTOPOB.

KJTKOYEBDIE CJIOBA: nutbesas muHepanbHas BoAa, SKCMePUMEHTANbHbIN CTPeCE, aganTauus, NepBUYHO-NPodunaK-
TUYecKoe 1 neyebHoe AeNCTBIE, CPABHUTENbHDIV aHaNN3.
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Drinking Sulphate Mineral Water Action Mechanisms at Primary
Preventive and Therapeutic Application under Experimental Stress:
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ABSTRACT

INTRODUCTION. Earlier in experimental studies, it was established that sulfate mineral drinking water (MB) under stress
causes adaptation effects depending on the mode of its use — during primary prevention or treatment. The question
of the role of different modes of drinking mineral water application in the formation of adaptation mechanisms remains
unclear.

AIM. To conduct a comparative analysis of the effect of sulfate MW in primary preventive and therapeutic application
on the development of adaptive metabolic and ultrastructural reactions in rats in the early post-stress period.
MATERIALS AND METHODS. The experiments were carried out on 54 white nonlinear male rats. Acute immobilization stress
was modeled using the Selye method. All animals were divided into 5 groups: the 1st experimental group — the primary
preventive effect of drinking sulfate MV; the 2nd experimental group — the therapeutic effect of drinking sulfate MV;
the 3rd and 4th groups — controls; the 5th group — intact animals. Drinking sulfate MW (concentration of sulfate ions
1.93 g/I, mineralization 3.05 g/lI) was administered intragastrically by 3 ml, a total of 18 procedures. Objects of research: liver
and testes. Research methods: biochemical, light-optical, morphometric, electron microscopic. The statistical significance
of the differences was assessed using the Student’s criterion.

RESULTS AND DISCUSSION. It was found that the most pronounced development of adaptive-protective reactions
(increased activity of the antioxidant system, increased protein synthesis, activation of intracellular regeneration processes)
was observed with the action of MW in the primary prevention mode. At the same time, there was the formation of more
powerful adaptation mechanisms associated with the additional accumulation of structural and metabolic resources that
limit the development of maladaptation and pathological processes. With the therapeutic use of MW, due to post-stress
disorders of the mechanisms of regulation, the processes of adaptation and compensation were weaker.

CONCLUSION. The results reveal some features of the mechanism of action of drinking sulfate MW on the development
of compensatory and adaptive processes and indicate the need for a differentiated approach in the use of drinking MW
to increase their effectiveness in the comprehensive prevention and treatment of the body from the damaging effects
of various stress factors.

KEYWORDS: drinking mineral water, experimental stress, adaptation, primary preventive and therapeutic effect,
comparative analysis.
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BBEOEHUE

MuTtbeBble MMHepanbHble BoAbl (MB) Bbi3biBatloT B Op-
raHM3mMe pasfimyHble CTPYKTYpPHO-MeTabonmyeckue pe-
aKkuuu, KOTopble MO CBOEN CYLHOCTU HOCAT aganTauu-
OHHO-3alWNTHbIN xapakTep [1-3]. B paHee BbIMOMHEHHbIX
3KCNepuMeHTax Hamum O6bls1I0 MOKAa3aHo, YTO NUTbeBas
cynbdaTtHaa MB Bbi3blBaeT yCuneHNe aHTUOKCUAAHTHOM
AKTUBHOCTU, KNETOYHOW U BHYTPUKIETOYHON pereHe-
pauunmn, U3MeHsAeT NpoLueccbl HEMPOIHAOKPUHHON pery-
nauwvn [4, 51.

BmecTe ¢ Tem 3TK 1 gpyrue aganTtaumoHHble 3pdeKTbl
nUMenu onpepesieHHble PasnnMuma B xapaktepe n cTeneHn
NX BbIPaXKEHHOCTU B 3aBUCMMOCTI OT TOTO, B KAKOM pexnme
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ncnonb3osanacb nutbesasd MB — npwu nepsuyHomn npo-
dunakTuke (B yCNoBuMAX 340POBOro opraH1M3ma) unm npu
nevyebHO-NPoGUNAKTMYECKOM (fanee neyebHOM) AeNCTBUN.
Bce 371 peakunn ocobeHHO NPoABNANUCHL NPU AENCTBUMN
cTpecca, KOTOpbIi ABNAETCA OAHUM U3 Ba’KHENLLMX 3TU-
onormnyecknx GakTopoB B pPa3BUTUMN Ae3afjanTaLMiOHHbIX
1 natonormnyecknx coctoaHnin [6-8]. Mpun 3Tom BaxHO Bbl-
ACHUTb PONb Pa3fINYHbBIX PEXMMOB NPUMEHEHUA NUTbe-
BbIXx MB B popMmpoBaHn mexaHn3smoB agantauun. Mpeg-
nonaraeTca, YTo pe3ynbTaTbl 3TOr0 aHanM3a MoryT UMeTb
3HaueHve ana guddepeHLMpoBaHHOrO 1 HGonee WYPOKOro
NCnonb30BaHUA NUTbeBbIX MB B NpakT/Ke caHaTOPHO-KY-
POPTHOTrO nevyeHus.

JTD1LHV TYNIDIHO | TV 13 ATTOHON ‘N AYNA
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LEJIb

MpoBecTn cpaBHUTENbHDBIV aHanNM3 fencTBUA CynbdaTHOM
MB npuv nepBUYHO-NPOGUIAKTMUYECKOM 1 leYebHOM Npu-
MEHEHMWN Ha pa3BUTUE afanTalNOHHbIX MeTabonmnyecKkmnx
N YNbTPACTPYKTYPHbIX peakLmi Y KPbIC B paHHUIA MOCTCTPeC-
COpPHbIV Nepuog.

MATEPUAJIbl U METOAbI

DKCNeprMeHTbl NpoBefeHbl Ha 54 6enbiX HeIMHENHbIX
Kpblcax-camuax maccor 200-220 r, KoTopble 6binn nony-
yeHbl 13 NUToMHUKa «Cton6osaa» HLUUBMT ®MBA Poccun.
NccnepoBaHmA ocyLecTBAAnm B COOTBETCTBUM C NpaBuna-
MU NPOBeAeHNs PaboT C NCMONTb30BaHMEM IKCNEPUMEH-
TaNbHbIX XXMBOTHbIX (MpUoXeHne K npukasy MuH3gpasa
CCCP ot 12.08.1977 N 755) n TpeboBaHuii EBponeickoi
KOHBEHLMW NO 3alnTe SKCNePUMEHTaNbHbIX XMNBOTHbIX
(Ctpacbypr,1986). OCTpbli UMMOOGUAN3ALMOHHDIV CTPecc
mogenuposanu no metoamke Cenbe nytem 6-4acoBOro
NPUBA3bIBAHNA KPbIC B MOMIOXKEHWUN Ha cnuHe. [TnTbesyio
cynbdaTHY0 MarHneBo-KasbLmneBo-HaTpresyto MB (KpaunH-
CKaa MMHepanbHaa BOAa, CKBaXMHa 143172, KOHUEeHTpauna
cynbdaT-noHoB 1,93 mr/n, muHepanusauus 3,05 r/n) BBo-
AVNKn BHYTPUXKeNyao4Ho no 3 mi, Bcero 18 npouepnyp. Bee
KpbICbl 6K pa3geneHbl Ha 5 rpynn. B 1-11 onbiTHOM rpynne
KypC nepBuYHON NpodrnakTUKm NPOBOAUSIN Ha 340POBbIX
>KMBOTHbIX C MOC/IeAYLNM BO34EeNCTBNEM CTPeCCa; BO 2-1
OMbITHON Fpynne Kypc neyebHbIX npoLueayp HauvHanm npo-
BOAWTb Ha ClefyoWwnin geHb nNocie NpuMeHeHnsa CTpecca;
B KOHTPOJIbHbIX rpynnax Bmecto MB ncnonb3oBanu Bogo-
NPOBOAHYIO BOAY; B MHTAKTHOW FPYNMe »KMBOTHble HNKaKNM
BO3AEMCTBMAM He NofBepranvch. 3ab0oi XMBOTHbIX OCYyLLeCT-
BNANM METOAOM AeKanuTauum Ha cefyownin feHb nocne
OencTBmA CcTpecca Uimv Nnociie OKOHYaHUA Kypca npoueayp
MB. O6beKkTamu ccnefoBaHNA ABNAANCD NeYeHb U CEMEH-
HVIKU, MPUMEHANN BMOXMUYECKUNE, TMCTONOTMYECKIE, dEK-
TPOHHO-MUKPOCKONUYeckre n moppomMeTpuyeckrie Metogbl
nccnepgoBaHua [4]. CtaTUCTUYeCKyo 3HAUMMOCTb Pa3nnymin
oLeHMBanu ¢ nomolbio Kputepua CTblogeHTa.

PE3YJIbTATbl U OBCYXXAEHUA

B pe3ynbTaTe NnpoBeAeHHbIX UCciefoBaHWI Obino ycTa-
HOBJIEHO, YTO MMMOOBUIN3ALMOHHbIN CTPECC Bbi3blBas
B MEYEHN N CEMEHHMKaX XMBOTHbIX KOHTPONbHOW rpynmbl
Bblpa’KeHHble CTPYKTYPHO-MeTabonnueckne HapyLleHus,
KOTOpble MPOABNAANCH B U3MEHEHMWAX aKTVBHOCTM 3aLUUTHON
AHTVOKCUIAHTHOW CUCTEMDbI, B BbIPaXKeHHOM nofasneHnm be-
NOKCUHTE3UPYHIOLLMX NPOLLECCOB, Pa3BUTUN AUCTPODUYECKIX
1 fereHepaTMBHbIX PeakLUniA, CHUXEHN ObLLel YNCSIEHHO-
CTV CMEePMATOreHHbIX K/IETOK 1 BHYTPUKIIETOUHbIX CTPYKTYP.
O6HapyXrBanncb HapyLIeHNA NPOLLEeCCOB MUKPOLMPKY -
Linn 1 ABNEHNA OTEKa CO CTOPOHbI Pa3INYHbIX CTPYKTYPHbIX
3N1eMeHTOB reMaToTeCTUKYNAPHOro 6apbepa. 3HaunTenbHO
N3MeHANNCb NpoLecchbl pereHepaunn B knetkax Cepronu:
CHVXanocb cofepkaHmne 6eNoKCUHTE3NPYIOLNX OpraHens
(4ncno puboCcom 1 NOANCOM yMeHbLanocb Ha 42,0 %,
B MUTOXOHAPUAX YMEeHbLUanacb UX cpefHaa 1 CymmapHas
nnowanb npakTniyecky B 2 pasa (p < 0,01), uto cBngeTenb-
cTBOBasIo 06 0cnabneHnn BHYTPUKIETOUHbIX CTPYKTYPHO-
bYHKLMOHaNbHbIX Pe3epBOB 1 PacCTPOMCTBe ajanTauum.

Pe3synbTaTbl CpaBHUTENbHOMO aHanM3a faHHbIX Y Xu-
BOTHbIX OMbITHbIX FPYMM NOKa3anu, 4To npu gencrsun MB
B peXrmMe nepBrYHON NPodUnakTnKn otMmeyanaco 6onee
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BblpaXKeHHas aKTMBALMA PAAA OCHOBHbIX afanTalUoOHHO-
3aLWNTHDBIX peaKkumnin B YCIIOBMAX CTpecca No CPpaBHEHMIO
C KOHTpOseM 1 neyebHbIM aenctenem MB. B nepsyto oue-
peab cnepgyeT OTMETUTb YCUIeHME aKTUBHOCTM CUCTEMbI
AHTMOKCUAAHTHOW 3alnUTbl, KOTOpaa ABNAETCA OLHUM
N3 BaXKHENLINX CTPECCMUTUPYIOLLNX 3BEHBEB OPraHM3ma
[9-11]. Hanbonee BbipaxkeHHbIN CABUT aHTUOKCUAAHTHOMN
aktnBHocTM (AOA) pa3BuBancs B neyeHu (ycuneHue 6onee
Yyem B 2 pasa, p < 0,01), npu 3Tom nHTeHcnBHoCTb MNOJT npak-
TUYECKN He N3MEHANAC, @ OKUCIIUTENbHDBIN NOTEHLMaN TKaHN
(ON =MOJ1/AOA), Ha06OPOT, OTYETIMBO CHIXKAJICA MO CPaB-
HEHWIO C KOHTposiem (puc. 1).

B cemeHHmnkax AOA Bo3pacTtana Ha 33,1 %, a aKTuB-
HocTb NOJ1 npm 3TOM cHU3unacb Ha 15,8 %, uTo NpuBeno,
KaK 1 B neveHu, kK ocnabnexuto Ol (cm. puc. 1). Mpwu neveo-
HOM nprMeHeHnn MB (cpa3y nocne genctemaA ctpecca) AOA
npoABnAnacb 3HauUMTENbHO cnabee: B MeYeHn BbIABNANACh
TeHAEHUMS K ee nosblileHno (Ha 11,2 %), a B CEMEHHMKax
AOA okazanacb cHukeHHoM (Ha 19,9 %) (puc. 2).

CnepoBatesibHO, Npuy NpodunakTyeckom npuMmeHeHun MB,
B OT/IUME OT ee fleyebHOro AeVICTBIIS, MPOUCXOANIO yBEMYe-
HIVe pe3epBOB B CUCTEME aHTUOKCMAAHTHOM 3aLLUTbI M yCUeHre
e MOLLHOCT, YTO MPUBOAMSIO K CTabunmsaumm memopaHHbIX
CTPYKTYP K/IETOK M MOBBILLEHNIO UX YCTOANUYMBOCTY K AEACTBUIO
cTpecca. OToT afanTalUMOHHO-3aLUTHBIA MEXaHU3M UrpaeT
Ba*KHYI0 POJb Ha HauasIbHOM 3Tare NpoduNakTMKn Ae3apar-
TaLMOHHbIX M3MEHEHWI 1 MATONOMMUYECKX COCTOAHWIN, TaK Kak
pe3ynbTaTbl ero AeNCTBMA BO MHOrOM ONPeAenatoT AaNbHENLLNIA
XOp, Pa3BUTUA KOMMEHCATOPHO-NPUCTIOCOBUTENBHBIX MPOLIECCOB.

Habnioganncb Takxke aganTMBHble CABUMA CO CTOPOHDI
6enkoBOro o6mMeHa, OiHaKo OHU UMenu bonee cnaboe pas-
BUTWE MO CPaBHEHUIO C MOKa3aTeNnsAMnN aHTUOKCUAAHTHON
akTuBHocTU. Mpn npodurnakTnyeckom npumeHeHnm MB co-
fepkaHue obLero 6enka B neyeHy Bo3pacTtano Ha 32,1 %,
a B CEMEeHHMKax nposABnsanacb Hebosblwaa TeHAeHUMA
K yBenuueHuto (Ha 3,5 %). Mpwn neyeHuu, T. e. B yCIOBUAX
HanMuna [eCTPYKTUBHbIX MPOLIECCOB, 3TV NOKa3aTenu 6binn
60nee HU3KMMU: cofiepaHre 6enka B MeYeHm NnoBbILLanoch
Ha 11,7 %, a B ceMeHHMKaX, HA0BOPOT, OKa3anocChb HIKE YPOB-
HA KOHTponA Ha 35,4 % (puc. 3).

BblsiBNeHHble MeTabonuueckme cABUIM, B TOM Yuncie
ycuneHue cnHTe3a 6enka B onpefenieHHON Mepe nmenu
CBOE OTpPaXKeHMEe N Ha CTPYKTYPHOM BHYTPUKIIETOYHOM
obecneyeHny SHePreTUYeCcKnX 1 NIacTMYeCcKx pPecypcos,
YTO MPOABAANOCH B 06pa30BaHNM HOBbIX OpraHens, B TOM
ynicne MUTOXOHAPWIA, prbocom 1 nonvcom. MoppomeTtpu-
YeCKuU aHann3 MUToxoHApuN B Knetkax Ceptonm nokasan,
YTO B YCJIOBUAX NPOGUNAKTUKI NPONCXOANIIO0 LOCTOBEPHOE
yBenMYeHmne Ux YncneHHoctu (Ha 23,3 %, p < 0,01) n meHee
BblpaeHHOE MOoBbllLeHNe cpefHel nnowaamn (Ha 13,8 %),
KOTOpble NPVBOANAN K OTYET/IMBOMY YBEINYEHMIO CYMMap-
HOW nyiowaamn MUTOXoHAPUI (06Lwen nx Maccobl) (Ha 39,1 %,
p < 0,01), uTo MOXKeT yKa3biBaTb Ha yCUeHKe NpoLeccoB
3HeproobecneyeHnsa 3TUX KNeToK (puc. 4).

O6HapyKmMBanacb TakXe TEHAEHLUMA K YBENUYEHUIO
YNCNIEHHOCTV PUBOCOM 1 MONNCOM (Ha 7,6 %, KOHTPONb —
21,1 +1,33, onbIT — 22,7 + 1,29). Bce 31 npoLecchl pa3BrBa-
nncb Ha GoHe ocnabneHra ABNEHNIN OTEUHOCTU 1 ANCTPOGUN
KneTok. Mpu neyebHom nNprimeHeHnn MB cpeHAA nnowagb
MUTOXOHZPUI TaKXe BO3pacTana, HO NPU 3TOM UX YNCSIEH-
HOCTb, HA06OPOT, OKa3anacb CHYXeHHoW (Ha 28,4 %, p < 0,01),
B CBA3M C YeM CYMMapHas niowaab MATOXOHAPUI NpakK-
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Puc. 1. 3ameHeHne yposHein AOA, MOJT n Ol B neyeHn
N CeMEHHMKaX Npu NepBUYHO-NPOGUNIaKTYECKOM
npumeHeHnn MB B ycnosusax ctpecca

Fig. 1. Changes in the levels of AOA, POL and OP

in the liver and testes during the primary prophylactic use
of MW under stress

lMpumeyaHue: A — neyeHb; B— cemenHuku; 1 — AOA;

2 —[10JI; 3 — OIl; ceemsibie cmonbUKU — KOHMPOJIb;
memHsble cmonbuku — onsim; * — p < 0,01 no cpasHeHuto
C KOHMposem.

Note: A — liver; B— testes; 1 — AOA; 2— POL; 3 — OP;
light bars — control, dark bars — experience; * — p < 0.01
compared to the control.

%
140

120
100
80
60 [—
40 [
20 [

A B

Puc. 3. VI3meHeHVe cofepkaHuns obLiero 6enka B neyeHu
1 CEMEHHUKaX Npu NPOodUIAKTUYECKOM 1 le4ebHOM
npumeHeHnn MB B ycnosusax ctpecca

Fig. 3. Changes in the total protein content in the liver
and testes during preventive and therapeutic use of MW
under stress

MpumeyaHue: A — npogpunakmuka; B— neyeHue; 1 —

neyeHs,; 2 — ceMeHHUKU; ceemJible Cmosibuxku — KOHMPOJ1b;

memHble CmoIOUKU — ONbIm.
Note: A— prevention; B— treatment; 1 — liver; 2 — testes;
light bars — control; dark bars — experience.
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Puc. 2. 13meHeHune yposHein AOA, MOJT n Ol B neyeHn
N CEMEHHMKaxX Npu neyebHom npumeHeHnn MB

B YCIIOBUAX CTpecca

Fig. 2. Changes in the levels of AOA, POL and OP

in the liver and testes during the therapeutic use of MW
under stress

MpumeyaHue: A — neyeHs; B— cemeHHuku; 1 — AOA;

2 —[10JI; 3 — OIl; ceemsibie cmoabUKU — KOHMPOJIb;
memHble cmonbuku — onsim; * — p < 0,01 no cpasHeHuto
C KOHMposem.

Note: A — liver; B— testes; 1 — AOA; 2— POL; 3 — OP;
light bars — control; dark bars — experience; * — p < 0.01
compared to the control.
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Puc. 4. MopdomeTpuyeckne UsMeHeHNA MATOXOHAPWI
npv NePBUYHO-NPODUIAKTAYECKOM U IEYEOHOM
npumeHeHnn MB B ycnosusax ctpecca

Fig. 4. Morphometric changes in mitochondria during
primary prophylactic and therapeutic use of MW under
stress

MpumeyaHue: A — npogpunakmuka; B— neyeHue; 1 —
KOJIUYeCcma8o MumoxoHopuli; 2 — cpeoHsAs niowdob
MUMOXOHOpUU; 3 — CyMMApHAsA NaoWads MUmoxoHopu;
c8emJible CMosIbUKU — KOHMPOJIb, MeMHble CMoI6UKU —
oneim. * — p < 0,01 no cpasHeHUIO0 C KOHMPOJIEM.

Note: A— prevention; B— treatment; 1 — the number

of mitochondria; 2 — the average area of mitochondria; 3 —
the total area of mitochondria; light bars — control; dark
bars — experience. *— p < 0.01 compared to the control.
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TMYECKM OCTaBanacb Ha YPOBHE KOHTPONA. ITU pa3nmumns
B aJanTaLMOHHON NepecTporke 03HaYaloT, YTo Npu Nnpodu-
NakTU4yeckom npumeHeHnn MB npomncxogunno couyetaHHoe
YyCUNEeHNE MEXAHM3MOB ABYX GpOpPM pereHepaLivi MUTOXOH-
[PVl — BHYTPUOpPraHOMAHOW (YBeNMYeH e pasMepoB 3a cueT
06pa3oBaHNA HOBbIX KPUCT U Ap.) Y OpraHouaHou (yBennye-
HMe Yncsa CaMmmx MUTOXOHAPWI), B CBA3M C Yem Hosee 3Haun-
TesIbHO YBENNYMBANCA NPUPOCT MaCCbl MUTOXOHAPUIA U, TEM
CaMbIM, YKPENAANCb CTPYKTYPHbIE PecypCbl BO3HEPreTUKN.
Mpwn neuebHoM NpumeHeHun MB npoaBnanacb TobKO OfHa
¢dopma pereHepaum — BHYTPUOPraHOMAHAA, KOTopas npu-
Bena K yBenunyeHuto pasmepos Mx (4To, BUAMMO, NOBbLILLANO
nX GYHKLMOHASbHYI0 aKTUBHOCTb), OAHAKO NPU 3TOM Konnye-
CTBEHHO CTPYKTYpHbIE pecypcbl B1I03HePreTUKN He BO3pac-
Tann 1 OCTaBaINCb Ha NPEXHEM YPOBHe.

Takvm 06pasom, pesynbTaTbl NPOBEAEHHOMO CPABHUTENTbHO-
ro aHanm3a nokasasu, Yto MPUMEHEHVE NMUTLEBOW CyNbpaTHOM
MB B pexkmme nepBUYHON NPOGUNAKTUKM NOCTCTPECCOPHbIX
HapyLUeHWUI Bbi3blBasio Hanbosiee BblpaXKeHHOe pa3BUTUE
BaXKHeNMLIMX afanTaLlMOHHO-3aWUTHBIX peakumin — ycune-
HUe aKTUBHOCTW SHOOTEHHOW aHTMOKCMAAHTHOW CUCTEMD,
MOBbILLEHNE CUHTe3a o6Lero 6enka, akTMBaLKIo NPOLECCOB
BHYTPUKNETOYHOWN pereHepaumn. T peakumm npoTekanu
Ha MOJEKYIAPHOM (BMOXMMMYECKOM) U YNBTPACTPYKTYPHOM
YPOBHSAX, UMeN Pa3Hyto CTEMNEHb BbIPaXKeHHOCTM 1 Oblni TECHO
CBf3aHbl MeXay coboli. B pe3ynbrate ux pa3sutusa Gopmmpo-
BasIMCb 6onee MOoLLHble MEXaHU3Mbl afanTaluu, CBsi3aHHble
C [OMONHUTENBbHBIM BHYTPUKIETOUHBIM HAKOMIEHNEM CTPYK-
TypHO-MeTabonmnuyecknx pecypcos, B TOM Unicie B Buge 06-
pa30BaHVisi HOBbIX OpraHesi ¢ 6osee BbICOKMM NOTEHLMANIOM
B 60pbbe C NaToreHHbIM AENCTBMEM CTPECCA, YTO MOBbILLAO
YCTONUYMBOCTb OpraHm3ma 1 orpaHnMYMBano (Npegynpexaano)
pa3BuTVEe Ae3adanTalUMOHHbIX U MaTOMOrMYeCcKmX NpoLEeCCcoB.
BbiaBneHHan npodunakTnyeckan 3pHeKTMBHOCTb MeXaH3MOB
afanTauuun Npy AencTemm NuTbeBon cynbdaTHon MB nmeet
nepcrneKkTVBY ANA JanbHENLLEro UX NCNOJIb30BaHMA B CoYe-
TaHUW C APYrMMN aanTOreHHbIMU GpakTopamm (MarHUTHoe
none 1 Ap.) B uenax perynauymm (ynpasneHus) npoleccamm
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apanTtauuu. Mpu neyebHom NprmeHeH MB obLuee pa3suTrie
MeTaboNMMUECKUX 1 pPereHepaTMBHbIX peakLmnii MPOSBASAIOCH
ABHO Cabee, YeM NpU NePBUYHON NPOPUNAKTUKe. ITO BbIIO
CBA3aHO C BO3HNKHOBEHVEM MOCTCTPECCOPHBIX HAPYLIEHNTA
B TKaHAX BHYTPEHHVX OPraHOB Vi B MeXaHV3Max perynsaumu,
YTO 3HAUUTENIBHO CHIKANO CNOCOBHOCTL MB akTVBMpPOBaThH
nprcnocobuTesbHble NPOLIECCh! B paHHEM (OCTPOM) MOCTCTPeC-
CopHoM nepuope. MosTomy BbisiBNiEHHbIE OTAE/bHbIE NPU3HAKM
CTUMYNIALMK METABONNYECKIX U PEreHePaTUBHBIX MPOLECCOB
B 3TOT paHHWiA NOCTCTPECCOPHDI NeproA NPOABASANCH B Clla-
6011 dopme 1 BbIN He CNOCOBHBI B 3THX YCNIOBUAX Goree 3¢-
(bEKTMBHO KOMMEHCMPOBATb BHYTPVKIETOUHbIE CTPECCOPHbIE
nospexneHus. O4eBMHO, YTO NOC/E CMafa OCTPbIX PeaKLi
(oTeka, BoCnaneHus v ap.), T. €. B 6onee No3gHeM NocTCTpec-
CopHoMm neprioae, MB cMOXeT OKa3aTb BblpaxkeHHOe CTUMYJIV-
pytoLLee BNVSIHME Ha Pa3BUTVIE KOMMEHCATOPHO-NPUCNOCO6M-
TeNbHbIX 1 BOCCTAHOBUTESIbHBIX MPOLLECCOB.

3AKNIOYEHUE

Ha ocHoBaHMM NonyyYeHHbIX faHHbIX MOXHO CAenaTb Bbl-
BOJ O TOM, YTO NUTbEBYIO CynbdaTHyio MB npu nepsryHoOm
npodunakTrKe ciefyeT LWMPOKO NCMONb30BaTh Kak B BUAe
MOHOpaKTOPa, TaK 1 B COCTaBE KOMMIEKCHOM NPOQUNaKTMKM
B LiesIAX 0340POBNeHNA 1 NpefoTBpaLleHnsa 3aboneBaHni
NP pPasfINYHbIX CTPECCOTEHHbIX 1 APYTUX SKCTPEMaNbHbIX
BO3JencTBuAX. JleuebHoe AelcTBME 3TON BOAbI Lieneco-
06pa3HO NPUMeHATb B 6onee NO3AHUIA NOCTCTPECCOPHbIN
nepuoa Nnm B COYETAHUN C APYTMMUN afanToreHHbIMU dakK-
TOpamMu, B YaCTHOCTU, C MarHUTHbLIM MOJIEM, YTO 3HAYMTENBHO
nosbiwaet 3¢pPeKTUBHOCTb UX NleyebHoro aencreusa [5]. Pe-
3ynbTaTbl NPOBEAEHHOr0 aHann3a PacKpbIBalOT HEKOTOPbIE
0COOEHHOCTM MexaHV3Ma [eNCcTBMA NUTbeBOM CyNbpaTHOW
MB Ha pa3Bu1TME KOMMNEHCATOPHO-NPUCMOCOOUTENBHBIX NPO-
LleccoB 1 CBUAETENbCTBYIOT O HeobxoaumocTun fuddepeH-
LMPOBaHHOr0 NOAX0AA B MCMOb30BaHUN NUTbeBbIX MB ana
NoBblLEeHNA NX 3G GEKTUBHOCTY B KOMMIEKCHON NpOdunak-
TUKE 1 IeYeHN OpraHn3Ma OT NMOBPEXKAALErO AeCTBMIA
Pa3nnYHbIX CTPECCOoreHHbIX GakTopoB.
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Bknap aBTOpOB. BCe aBTOpbI NOATBEPXKAAIOT CBOE aBTOPCTBO B CO-
OTBETCTBUU C MexayHapoaHbimu Kputepuamm ICMIE (Bce aBTOpbI

BHEC/I 3HAUMTESbHbIV BKNaf B KOHLENLWIO, An3aiiH CCiefoBaHNA
1 NMOAFOTOBKY CTaTb, MPOUYUTaNU 1 0OA06PUIM OKOHYATENbHbIN Ba-
puaHT go nybnukauuwn). Bknag pacnpeneneH cnepyowmm obpasom:
Kopones l0.H. — KoHuenuma 1 an3anH nccnefoBaHus, HanncaHne
TeKCTa CTaTby, pepakTnposaHme; Muxannuk J1.B., Hnkynuna J1.A. —
cbop 1 06paboTka MaTepurana, CTaTucTuyeckas o6paboTka JaHHbIX.
UcTouHnk puHaHcupoBaHusA. ABTOPbI 3aABAIOT 06 OTCYTCTBUN
BHELIHero GpUHAHCMPOBaHNA NPY NPOBEAEHUN NCCE[OBAHNA.
KoHGNUKT nHTepecoB. ABTOPbI AEKNAPUPYIOT OTCYTCTBME ABHbIX
1 NOTEHLUMANbHBIX KOHGIMKTOB MHTEPECOB, CBA3aHHbIX C My6/nKa-
LUMen HacToALen cTaTbu.

STnyecKkoe yTBepKaeHue. /iccnefoBaHma oCyLLeCTBNANN B COOTBET-
CTBUM C NpaBUNaMu NPoBefeHNA paboT C UCMONb30BaHNEM SKCNepU-
MEHTaJIbHbIX XMBOTHbIX (MpUnoXkeHve K npmkasy Munsgpasa CCCP
ot 12.08.1977 N2 755) n TpeboBaHuiA EBponeinckomn KOHBeHL MK No 3a-
LLTe SKCTIEPVMEHTANBbHBIX XKMBOTHbIX (CTpacbypr, 1986). Kpbicbl Obinn
nosyyeHbl U3 NMTOMHMKa HayuyHoro LieHTpa 6rioMeANLIMHCKIX TeXHO-
noruin QefiepanbHoro MearKo-ouonornyeckoro areHTcTea Poccun.
[ocTyn K faHHbIM. [laHHble, NoATBEPKAatoLMe BbIBOAbI 3TOrO
nccnefoBaHWA, MOXHO MONTYUYNTb MO 3anNpocy Y KOPPecnoHAnpy-
loLiero aBTopa.

CTATbU




BULLETIN OF REHABILITATION MEDICINE | 2023 | 22(4)

ADDITIONAL INFORMATION

Yury N. Korolev, Dr. Sci. (Med.), Professor, Chief Researcher
of the Department for Studying the Mechanisms of Action
of Physical Factors, National Medical Research Center
for Rehabilitation and Balneology.

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

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

E-mail: mihayliklv@nmicrk.ru; mikhailik2910@ocloid.ru;

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

Lyudmila A. Nikulina, Cand. Sci (Med), Senior Researcher
of the Department for Studying the Mechanisms of Action
of Physical Factors, National Medical Research Center
for Rehabilitation and Balneology.

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

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. — the concept
and design of the study, writing the text of the article, editing;
Michailik L.V., Nikulina L.A. — collection and processing of material,
statistical data processing.

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

Disclosure. The authors declare the absence of obvious
and potential conflicts of interest related to the publication of this
article.

Ethics Approval. The research was carried out in accordance
with the rules for carrying out work using experimental animals
(appendix to the order of the Ministry of Health of the USSR
dated 12.08.1977 No. 755) and the requirements of the European
Convention for the Protection of Experimental Animals (Strasbourg,
1986). The rats were obtained from the nursery of the Scientific
Center for Biomedical Technologies of the Federal Medical
and Biological Agency of Russia.

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

Cnucok nutepaTtypsbl / References
1. Apakuaa K.[., Canuak C.M., PaszysaeBa lO.I. n ap. lacTponpoTeKTopHOEe AelCTBME KNCIOM MUHEepPanbHOM BOAbI 13 MCTOUHMKa Axunr-Cy Ha cTpecc-
MNHAYUVMPOBaHHbIE MOPaXXeHWs Xenyaka 6enbix Kpbic. Bonpocbl KypopTtonorum, dbusmotepannu 1 nevebHomn Gpusnyeckoin Kynbtypbl. 2019; 96(2):
54-60. https://doi.org/10.17116/kurort20199602154 [Arakchaa K.D., Salchak S.M., Razuvaeva Ya.G. et al. The gastroprotective action of acidic mineral
water from the Azhyg-Sug source on the stress-induced injuries to the stomach of white rats. Voprosy kurortologii, fizioterapii, i lechebnoi fizicheskoi
kultury. 2019; 96(2): 54-60. https://doi.org/10.17116/kurort20199602154 (In Russ.).]

2. Kynukos A.l., BopoHuHa [.[l. [uTbeBble MUHepasbHble BOAbl B leYeHNN 1 peabunutaLumm: COBPEMEHHbIN B3rnag Ha npobnemy. ®usmnotepanus,
6anbHeonorua n peabunutauma. 2017; 16(3): 116-120. https://doi.org/10.18821/1681-3456-2017-16-3-116-120 [Kulikov A.G., Voronina D.D. Drinking
mineral waters in treatment and rehabilitation: a modern view of the problem. Russian Journal of Physiotherapy, Balneology and Rehabilitation. 2017;
16(3): 116-120. https://doi.org/10.18821/1681-3456-2017-16-3-116-120 (In Russ.).]

3. TenunatynunHa M.C,, Kopones O.H., HukynuHa J1.A. YnbTpacTpyKTypa KneTok Jleingura npu AencTBUM MUHEPanbHOW BOAbI U HU3KOWHTEHCUBHOIO
3NEeKTPOMarHUTHOIO 131yUYeHUA B YCJIOBUAX CTpecca y KpbiC. Bonpock! KypopTonoruu, dprsnotepaniu 1 neuebHon ¢prsnyeckon Kynstypbl. 2016; 93(5):
34-37. https://doi.org/10.17116/kurort2016534-37 [Geniatulina M.S., Korolev Yu.N., Nikulina L.A. The ultrastructure of Leydig cells under the influence
of drinking mineral water and electromagnetic radiation under the stress conditions in the rats. Voprosy kurortologii, fizioterapii, i lechebnoi fizicheskoi
kultury. 2016; 93(5): 34-37. https://doi.org/10.17116/kurort2016534-37 (In Russ.).]

4. Kopones t0.H., bobposHuukuii W.M., TeHnaTynuHa M.C. n ap. PereHepaTtuBHble npouecchl B knetkax Ceptonu u Jlengura y KpbiC Mpu co4eTaHHOM
NPYMEHEHV NMITbEBOI MHEParbHO BOLbl I MarHUTHOTO MOJIA B YCIIOBUAX CTpecca. Bonpockl KypopTonoruu, dprsmotepaniu n neyebHoi Gpusnyeckoin
KynbTypbl. 2014; 91(3): 41-45. [Korolev Yu.N., Bobrovnitskii I.P, Geniatulina M.S. et al. The regeneration process in the Sertoli cells and Leydig cells
of the rats undergoing the combined treatment with drinking mineral water and a magnetic field under stressful conditions. Voprosy kurortologii,

fizioterapii, i lechebnoi fizicheskoi kultury. 2014; 91(3): 41-45 (In Russ.).]

5.  Kopones lO.H, lennatynuHa M.C,, HukynuHa J1.A. v gp. YnbTpacTpyKTypHble NPOABNEHNA pereHepaTBHbIX MPOLLeCCoB B KneTkax CepTonu npu fencTsnm
HV3KOVMHTEHCVBHOTO 3MIEKTPOMArHUTHOTO U3yY€eHNA B YCJTIOBMAX CTPecca Y Kpbic. Bonpockl KypopTonoriu, dpusrotepanum n neyebHomn Gusnyeckom
KynbTypbl. 2015; 92(3): 40-44. https://doi.org/10.17116/kurort2015340-44 [Korolev lu.N., Geniatulina M.S., Nikulina L.A. et al. The ultrastructural
manifestations of the regenerative processes in the Sertoli cells under the action of low-intensity electromagnetic radiation in the rats subjected
to stress. Voprosy kurortologii, fizioterapii, i lechebnoi fizicheskoi kultury. 2015; 92(3): 40-44. https://doi.org/10.17116/kurort2015340-44 (In Russ.).]

6. Kivimaki M., Steptoe A. Effect of stress on the development and progression of cardiovascular disease. Nature Reviews Cardiology. 2018; 15(4):

215-229. https://doi.org/10.1038/nrcardio.2017.189

7. Kowalczyk P, Suleychak D., Kleczkowska P. et al. Mitochondrial oxidative stress is a causal factor and a therapeutic target in many diseases. International
Journal of Molecular Sciences. 2021; 22(24): 13384. https://doi.org/10.3390/ijms222413384

8. LiuY.Z, Wang Y.X., Jiang C.L. Inflammation: The Common Pathway of stress-Related Diseases. Frontiers in Human Neuroscience. 2017; (11): 316.

https://doi.org/10.3389/fnhum.2017.00316

9. Melgar-Sanchez L.M., Garcia-Ruiz I., Pardo-Marqués V. et al. Influence of mineral waters on in vitro proliferation, antioxidant response
and cytokine production in a human lung fibroblasts cell line. International Journal of Biometeorology. 2019; 63(9): 1171-1180.

https://doi.org/10.1007/s00484-019-01730-0

10. Demirci-Cekic S., Ozkan G., Avan A.N. et al. Biomarkers of oxidative stress and antioxidant defense. Journal of Pharmaceutical and Biomedical Analysis.

2022; (209): 114477. https://doi.org/10.1016/j.,jpba.2021.114477

11. Benedetti S., Benvenuti F.,, Nappi G. et al. Antioxidative effects of sulfurous mineral water: protectionagainst lipid and protein oxidation. European
Journal of Clinical Nutrition. 2009; 63(1): 106-12. https://doi.org/10.1038/sj.ejcn.1602892

ARTICLES

370118V IVNIDIHO | TV 13 ATTOHON ‘N AYNA

95



