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PE®DEPAT

BBE/JIEHVE. Maruuii — BTOpOIA No pacnpoCTPaHEHHOCTW BHYTPUKIIETOYHbIV KaTUOH, siBnsieTcs kodakTopom ans 6onee 300
depPMEHTOB, BNMSET Ha PYHKLIMOHAJIbHOE COCTOSIHME CEPAEHYHO-COCYANCTON CUCTEMbI MOCPEACTBOM Pa3/INYHbIX MEXAHN3MOB,
B 4YaCTHOCTW, Yepe3 OeNCTBUE Ha MaAKO-MbILLEYHbIE KNETKM COCYA0B, MOAYNSLMIO PEHUH-AHTMOTEH3MH-aNbA0CTEPOHOBOM
CUCTEMBI, PEMYNSALIMIO HATPMEBOIO U KasbLIMEBOro roMeocTasa. [osTomMy nogaep>xaHne HOpMaibHOrO YPOBHS MarHusi B KPOBU
ABNSIETCS aKTyanbHOW 3aa4ei, a NoTpebneHre NMTLEBOM BOAbl, 060raLlleHHOM MarHmem, MOXET PacCMaTpUBaTbCs Kak METOL,
KOpPPEeKLMN HefoCTaTOYHOrO NOCTYMN/IEHUS 3K30reHHoro Mmarbus. LJEJTb MCCJIEOBAHMVIS ougeHUTb BAvsiHue notpebneHus
NUTEEBOWN BOAbI C PA3INYHBIM COOEPXAHNEM MOHOB MarHuMs M KOMMjeKca MarHus C KanbLMeM Ha COCTOSIHME CepaeyvHo-
COCYANCTOW CUCTEMBI KPbIC C FEHETUYECKN OeTEPMUHMPOBAHHOM apTepuanbHoi runepteHanen. MATEPVIAJIBI 1 METO/bI.
Camupl kpbiC nMHUKM SHR ¢ 6-7-HepenbHOro Bo3pacTta B TeYeHMe ABYX MEeCSLUEB MNoJydanu NUTbEBYD BOAY Pa3/IM4HOro
cocTaBa: B nepsoii rpynne (hCa+Mg) — C NOBbILLEHHBIM COAEPXaHUEM Kanbumsa U mardusa (120 mr/n Ca?* n 45 mr/n Mg?'),
BO BTOpol (nCa+Mg) — HOPMaNM30BaHHYIO MO MUHEPaNIbLHOMY COCTaBy nNuTbeByio Boay (60 mr/n Ca?* n 25 mr/n Mg?), B
TpeTbeit (hMg) — oborateHHyto Mg?* (45 Mr/n), B 4eTBEPTOIA (control) KOHTPOLHON rpynne — neTepOyprckyo BOAONPOBOAHYIO
BOAY C HU3KUM coaepxaHuem MuHepanos (8 mr/n Ca? n 3 mr/n Mg?'). Kpbic nuHum WKY Gbinv pasgeneHsl Ha 2 rpynnbi:
opHa rpynna (hMg) nonydana Bogy, oboratieHHyto Mg? (45 mr/n), koHTponbHas WKY (control) rpynna — Boay C HU3KMM
cofepxaHnem MuHepanos (8 mr/n Ca?* u 3 mr/n Mg?*). Yepes 2 mec y kpbic namepsinv ALl Ha XBOCTE MaHXeTOUYHbIM METOZLOM,
aHaNM3npoBann ypPOBEHb MOYEBUHbI, XONECTEPMHA, OOLLEero kanbums n anbbymMmHa B CbIBOPOTKE KPOBW, PaCCHUTbIBAIN
MHAEKCbl Maccbl neBoro xenynoyka (MMJIX) n maccel muokapaa (MMM). ABTOPUTMUYECKYIO COKPATUTENbHYIO aKTMBHOCTb
BOPOTHOM BeHbl (BB) peructpumpoBann metogom muorpadum (in vitro) B M30METpUY4EeCKOM pexmnme. AHannsnpoBanu:
4acToTy, 00LLYI0 M MaKCUMasbHYO amMnanTyapl ¢asHO-TOHUYECKMX COKpaLLEeHUA, nioLwaab non KpMBOW cokpalleHui 3a 1
MVH, XapakTepuayioLLyo BbINOSHSEeMYI0 BeHO paboTy. PE3YJIBTATHI. Y kpbic SHR oboraleHve nutbeBoi BoAbl Tonbko Mg?*
MMEJI0O MeHEee BbIPaXEHHbIV aHTUMMNEPTEH3NBHbIV 3hdEKT No cpaBHeHuio ¢ rpynnoi hCa?*+Mg?*. Y kpeic WKY oboralleHue
BOAbl MarHnem He Bavsno Ha AL. Moandukaums MMHepanbHOro coctaBa NMTbLEBOW BOAbl HE BAvsna Ha MMM n MMJTX kak
y kpbic SHR, Tak n y WKY. BbiiBNneHbl MeXIMHEHbIE Padnnyma COKPaTUTENbHOM akTUBHOCTU BB KpbIC KOHTPOJIbHBIX Fpynn
(amnnntypa cokpalieHmin BB kpbic SHR 6bina B Bbilwe, 4em WKY). MNoTpebneHne oboralleHHoM MrHepanamm BoAbl yMeHbLUano
aMnnTyay cokpatleHuii BB. Hanbonbluee cHuxeHne 66110 oTMedeHo B rpynne hMg?* (y SHR B 2,6 pasa, y WKY B 1,5 pasa no
CPaBHEHUIO C KOHTPOJIEM COOTBETCTBYIOLLLEN NMHMN). BennyrHa BbinonHsemol BB paboTbl y KOHTPosbHbIX SHR 6bina 6onblue,
4eM Y KOHTPONbHbIX KpbiC NHUKM WKY, a o6oraLleHre BOLbl MarHMEM Bbl3bIBaso YMEHbLLEHWE BbINONHeMOM BB paboThl TONbko
y kpbic nvHUM SHR (Ha 55,6 %). SAKJTKOYEHUE. ToTpebneHne KpbicaMmy NUTbEBOM BOAbI, 0O0ralleHHON TONbKO MarHMem,
MMEET aHTUIMNEPTEH3MBHBIN 3P dEKT, 0QHAKO, YrHETAET CMOHTAHHYID COKPaTUTENbHYI akTMBHOCTbL BB. Llenecoo6pasHo
MCNOJIb30BATb KOMIMJIEKC MarHUs C KanbLMEM, KOTOPbI CHuxaeT AL, HO Npu 3ToM obecneyrBaeT CoXpaHeHe afekBaTHOro
YPOBHS COKPATUTENbHOM akTMBHOCTM BB.
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ABSTRACT

INTRODUCTION. Magnesium is the second most common intracellular cation, is a cofactor for more than 300 enzymes,
affects the functional state of the cardiovascular system through various mechanisms, in particular, through the action on
the smooth muscle cells of the vessels, modulation of the renin-angiotensin-aldosterone system, regulation of sodium and
calcium homeostasis. Therefore, maintaining a normal level of magnesium in the blood is an urgent task, and the consumption
of drinking water enriched with magnesium can be considered as a method of correcting an insufficient intake of exogenous
magnesium. THE AIM. The purpose of the study was determined - to evaluate the effect of drinking water with different contents
of magnesium ions and a complex of magnesium with calcium on the state of the cardiovascular system of rats with genetically
determined arterial hypertension. MATERIALS AND METHODS. From 6-7 weeks of age, male SHR rats received drinking water
of various compositions for two months: in the first group (hCa+Mg) — with increased content of calcium and magnesium (120
mg/I Ca?* and 45 mg/l Mg?*), the second (nCa+Mg) — drinking water normalized by mineral composition (60 mg/I Ca?*and 25
mg/I Mg?*), in the third (hMg) — enriched Mg?* (45 mg/I), the fourth (control) control group — St. Petersburg tap water with a low
mineral content (8 mg/I Ca?* and 3 mg/l Mg?*). WKY rats were divided into 2 groups: one group (hMg) received water enriched
with Mg?* (45 mg/I), the control WKY (control) group received water with a low mineral content (8 mg/l Ca?* and 3 mg/I Mg?).
After 2 months, the blood pressure of rats on the tail was measured by the cuff method, the level of urea, cholesterol, total
calcium, and albumin in the blood serum was analyzed, left ventricular mass index (LVMI) and myocardial mass index (MMI)
were calculated. The spontaneous contractile activity of the portal vein (PV) was recorded by myography (in vitro) in isometric
mode. The following were analyzed: frequency, total and maximum amplitude of phase-tonic contractions, the area under
the contraction curve in 1 min, which characterizes the work performed by the vein. %). RESULTS. Enrichment of drinking
water with Ca?* and Mg?* had a more pronounced antihypertensive effect in SHR rats compared with the hMg?* group. In WKY
rats, magnesium enrichment of water did not affect blood pressure. Modification of the mineral composition of drinking water
did not affect MMI and LVMI in both SHR and WKY rats. Interlinear differences were found in the contractile activity of PV in
control rats (the amplitude of PV contractions in SHR rats was greater than WKY. Consumption of water enriched with minerals
decreased the amplitude of PV contractions, the largest decrease was in the hMg?* group (in SHR, 2.6 times, in WKY, 1.5 times
as compared to the control of the corresponding line). The value of the work performed by the PV in the control SHR rats was
greater than in the control rats of the WKY line, and the enrichment of water with magnesium caused a decrease in the work
performed by the PV only in rats SHR lines (by 55.6 %), but not for WKY. CONCLUSIONS. In rats, the consumption of drinking
water enriched only with magnesium has an antihypertensive effect; however, it suppresses the spontaneous contractile activity
of PV. It is advisable to use a complex of magnesium with calcium, which lowers blood pressure, but maintains an adequate
level of contractile activity of the PV.

Keywords: portal vein, spontaneous contractile activity, magnesium, arterial hypertension, blood pressure, rats, experimental
study
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BBEAEHUE

Maraui SBIsIeTCS OTHUM M3 BaXKHEHUIITNX dJIEMEH-
TOB, YYACTBYIOIINUX B PETYISIIUU MHOTHX (DPU3UOIOTH-
YECKHX U MaTOJIOIMYECKUX MPOLIECCOB, OJTHAKO, HA BO-
IIPOC O 3HAUEHUU YISl OPraHU3Ma HEJIOCTATOUHOIO M0~
CTYIUIEHUS SK30T€HHOTO MarHus C MU 1 0COOEHHO
C IUTHEBOM BOJIOH, /10 CUX MOP HET OIHO3HAYHOTO OT-
BeTa. Tak, OJHU HcciIe10BaTeN OTMETUIIM HEKOTOPOE
CHW)KEHHE CMEPTHOCTU OT CEPJIeYHO-COCYAMUCTHIX 3a-
0oJICBaHMIA TIPU YBEITWYCHUH TIOCTYIUICHUS JTaHHOTO
KaTHoOHa ¢ BozoH [1], omHako, HEe BBIABHUIIM KOppEs-
LWI MEXy YPOBHEM MarHusi B BOJE U BEJIMUMHOMU ap-
tepuansHoro AaieHus (A/l). Jpyrue — mokazanm 00-
paTHYIO 3aBHCHMOCTh MEXIY YPOBHEM TOTPEOIeHHS
MarHvsl ¥ PUCKOM Pa3BHUTHS apTEPHATBLHON THIIEP-
ten3un (Al') [2—4]. Pasnuuus B pesynbrarax MOXHO
OOBSCHUTH KaK Pa3sHOOOpa3neM METOJIOB MCCIe/I0Ba-
HUU, TaK 1 0COOCHHOCTSIMY TTUTAHUS JIIOEH B Pa3HBIX
CTpaHax M COLMAIbHBIX IPYyIIax.

Hecmotpst Ha GosnbIioe KOJIMYECTBO HCCIIENOBA-
HUU, TTOATBEPAUBIINX AaHTUTUTIEPTCH3UBHEIHN 3P PeKT
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YBEJIMYCHUSI MarHusl B paluoHe [5—8], MeXaHU3MBbl,
JieKallue B ero OCHOBE, /10 KOHIa He m3y4eHsl. Ilo-
CKOJIBKY MarHuil siBisieTcst KogakropoMm aisi Oonee
300 depmenToB [9] M BTOPBIM IO pacHpoOCTpaHEH-
HOCTH BHYTPUKIETOUHbIM KatuoHoMm [10, 11], To
paccMaTpuBalOT pa3IMYHbIE PErYISTOPHBIC ITyTH
BIMSHUSL MarHus Ha (YHKIMOHAJIBHOE COCTOSHHUE
CEpACYHO-COCYAMCTON CHUCTEMBI, B YaCTHOCTH, €ro
3¢ QEeKThl Ha KECTKOCTh COCYIOB H, CIEI0BATEIbHO,
Ha cocyaucroe conpoTtusienue [7, 12], a Takxke He-
MOCPEICTBEHHOE BIMSIHUE MarHus Ha OOMEH KalbLHsI
B kietkax [13, 14]. Umerorcs cBelieHUs] O BIUSHUHA
HeJloCcTaTKa MarHusl Ha (yHKIHIO 3HIOTEIHs, B pe-
3yJAbTaTe 4Yero HapyllaeTcs »HIOTeNH3aBHCcUMAst
penakcanus cocynos [2, 15]. bananc marnus B opra-
HU3ME BO MHOTOM ONPEAECISIETCS] HECKOIBKUMU (ak-
TOpaMu: KOJIMYECTBOM, MOCTYIHMBIINM C IHUIICH U BO-
Joid, 3((heKTUBHOCTBIO KHIIIEYHOW aOCOpOInH, IKC-
Kpereii Mg?* movykamu, a TakKe COCTOSHHUEM ITyJia
MarHusi, BKJIIOYEHHOT'O B KOCTHYIO TKaHb [14, 16].
HecMmotps Ha T0, uT0 90 % Maruus opraHusm Imo-
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mydaet ¢ et u aumib 10 % — ¢ Bogoii [11], mobas-
JIeHHE MarHus B MUTHEBYIO BOAY MOXKET paccMaTpH-
BaThCsl B KaYECTBE OJHOTO W3 METOJOB KOPPEKIIUU
€ro HEJOCTATOYHOTO MOCTYIUICHHs [17], MOCKONIBKY
MUHEpaJIbHbIe BEIIECTBa, PAaCTBOPEHHBIE B BOJE,
MMEIOT OOJBIIYI0 OHMOJOTMYECKYI0 JOCTYIHOCTb,
3¢ (heKTUBHEE YCBAUBAIOTCS KEIYI0YHO-KUIICYHBIM
TpakToM. OJHaKO OCHOBHOE BHHMAaHHE HCCIEO-
BaTeNM, KaK MPaBUJIO, YAENSAIOT JIMOO MOBBIIICHUIO
YPOBHS KaJbIUA B BOJE, JIMOO T0OABICHUIO B TTUTHE-
BYIO BOJIy KOMIUIEKCa KaJbIus ¢ MaraueM. lcciemno-
BaHUs, MOCBSIICHHbIE U3YUYEHHUIO POJIM UMEHHO BO-
JTHOTO TyJla MarHus, OCTAlOTCS HEMHOTOYHCIICHHBI-
mu. Crenyer Takke OTMETHTh, YTO MarHui oKa3bIBa-
€T BJIMSAHNE Ha COCTOSIHHE KaJIbIIMEBOTO TOMEOCTAa3a.
B uwactHOCTH, TOKa3aHO, YTO HEJOCTATOYHOE MOCTY-
IIJICHUE YK30T€HHOT0 MarHus MPUBOIUT K CHIDKEHHUIO
ypoBHs K* B kieTkax u HakoruieHuto tam Ca’ yepe3
ero neiicteue Ha Na'/K*-Hacoc, 4yTo cmocoOcTByeT
neperpyske kietok Ca?*, B TOM 4HciIe KapJHOMHUO-
[IUTOB W TJIAJAKOMBIIICYHBIX KIETOK cocymoB [18].
YBenuuenue notpediIeHnss MarHus, HalpoTUB, aCCO-
LMUUPYETCsl C YMEHBIICHHEM KalblIU(UKAIIMH COCY-
noB [19, 20].

Xponudeckass 00J€3Hb IMOYEK COMPOBOXKIACTCS
Pa3BUTHEM MarHuii-3aBUCUMBIX HApYIIEHUH, TaKUX
Kak aprepuanbHass Al, apuTMuu, KalbIuHUKAIH
cocynoB [21, 22]. DkcrmepuMeHTaIbHBIE HCCIEIO-
BaHUS TOKa3ajH, YTO HEAOCTAaTOYHOE IOCTYIUIEHHE
MUIIEBOr0 MarHus yXy/IIaeT COCTOSHHE TOYEYHBIX
KaHaJIbIEeB HEpOHA MPU MOYEHHOH maTonoruu [23],
a ero MUIIeBbIe JOOABKH OKa3bIBAIOT HEPPOMPOTEK-
TUBHBIHN 3 dekT y KpbIc ¢ ypemueii [24]. Kpome Toro,
yBEJIMYEHHE TTOCTYTJICHUS] MarHUs per 0s TpU pa3BH-
TUU YPEMUU NPUBOIUT K CHWKEHUIO ypoBHSA AJl u
MIPEIOTBPAIICHUIO KambITudUKaImu cocynos [19, 25].

AKTyambHOCTb HACTOSILEro HccienoBaHus o0y-
CIIOBJICHA HEOOXOAMMOCTBIO TIOMCKA I(PQEKTUBHBIX
JUCTHYCCKUX BO3ACUCTBUN, MO3BOISIOMIMNX HE TOJb-
KO mpeaynpexaars poct AJl, HO U OKa3bIBaTh MPO-
TEKTOpPHOE JECTBHE Ha Cepllle U COCYIBl MPH YXKe
nmeromiericst Al

VYyureiBast 00JbIIOE 3HAYSHIE HOHOB MarHus JJIs
HOpPMaJIbHOTO (DYHKIIMOHUPOBAHUS OpraHu3Ma, €ro
y4acTHe B OTPOMHOM KOJIMYECTBE (PU3HOJIIOTHIECKUX
Y TIATOJIOTHYECKHUX MPOIECCOB, JIYUIIyI0 ONOIOCTYTI-
HOCTbh PacTBOPEHHBIX B BOJl€ MHHEPAJIOB, a TaKXke
KapIMONPOTEKTUBHBIA d(GEKT MarHusi Npu TUIeEp-
TOHMYECKOM OOJIE3HM M IATOJOIMU II04eK, ObLia
orpeniesieHa 1eNb NCCIE0BaHUS — OLICHUTh BIUSHUE
MOTPeOJICHHsT MUTHEBOM BOJBI C Pa3IMYHBIM COJEP-
JKaHHEeM MOHOB MarHus U KOMIUIEKCA KaJIbIHs C Mar-
HUEM Ha COCTOSIHUE CEPIIEYHO-COCYINCTON CHCTEMBI

KpbIC C I€HETUYECKU JETEPMUHUPOBAHHON apTepu-
AJIbHOM runepTeH3ueil.

MATEPUAJT U METOADI

HccnenoBanue BBIMOIHEHO HA caMI[aX CTIOHTaHHO-
THIEePTEeH3UBHBIX KpbIc TuHNM SHR 1 HOpMoTeH31B-
HbIX KpbIC quHUM WKY, ciaykamux reHeTHYeCKUM
koHTposeM Juia kpeic SHR [26]. PaGora npoBenena
Ha >KuBOTHBIX W3 LIKII «buokommekmusy MO PAH,
nojaepxannoii [Iporpammoit ®PAHO Poccuu no co-
XPaHCHUIO W PA3BUTUIO OMOPECYPCHBIX KOJIICKITUH.
B skcriepyMeHT ObUTH BKITIOUEHBI MOJIOJbIE KPBICHI B
Bo3pacte 6—7 Hex. Mcxomnas macca kpbic tuanu SHR
coctraBisuta 118+11 1, muaun WKY — 136+14 1. J{nu-
TEIBHOCTH DKCIIEPUMEHTa cocTaisuia 2 Mec. KpbIch
00eux reHeTHYeCKUX JTUHUHM OBUIH CITydaifHBIM 00pa-
30M pacmpezenensl Ha rpymmbl. Kpeic SHR paznenu-
nu Ha 4 rpynnsl: B iepsoit (hCa+Mg) rpynme (n=8)
JKUBOTHBIE TOJyYaId MUTHEBYIO BOIY C TOBBIIICH-
HBIM cofiepkaHreM Kaabius u Maruus (120 mr/x Ca?t
u 45 mr/mn Mg*"), Bo Bropoii (nCa+Mg, n=9) — HopMma-
JM30BAHHYIO [0 MHUHEPAIbHOMY COCTaBY IMHUTHEBYIO
Boay (60 mr/n Ca?* u 25 mr/n Mg*"), B Tpetheii (hMg,
n=9) — Boxy, oboramernyo Mg** (45 mr/i). Korrpo-
JIEeM K HUM CIYKWJIN KUBOTHBIE YETBEPTOM TPyIIIBI
(control SHR, n=10), nonyuasmme mnetepOyprckyro
BOJIOTIPOBO/IHYIO BO/LY C HU3KOM KOHIIEHTpalel Mu-
HepaioB (8 mr/n Ca?* u 3 mr/n Mg?"). Kpbichl iuHuA
WKY 6butn paznenens! Ha 2 rpymmsl: naras (hMg)
rpymnmna (n=8) moyydJasna MUTHEBYIO BOAY, 0OOTaIleH-
Hyt0o Mg* (45 wmr/n), mecras (control, n=8) koH-
TposbHass WKY rpymnmna — MaJIOMUHEPAIN30BAHHYIO
nmeTepOyprekyro BOAOMPOBOAHY0 Bomy (8 mr/m Ca?t
u 3 mr/mn Mg?). Bce *uBOTHBIC MOTPEOISIM CTaH-
JAPTHYIO JHMETy, UMEIH CBOOOIHBINA JOCTYI K BOJE
U KOpPMY M COZIEp’KaJMCh B CTaHJAPTHBIX YCIOBHIX
BUBapHs MpH 12-4aCOBOM CBETOBOM JIHE.

3a CyTKH J0 OKOHYAaHHS JKCIEpUMEHTa y O0omp-
CTBYIOLIUX KpbIC M3Mepsuin cuctemMHoe A/l Ha xBo-
CTe MaHKETOYHBIM METOAOM. [[JIsT 3TOrO KUBOTHOMY,
MTOMEIICHHOMY B HHIUBUAYaJIbHYIO KaMepy, Ha XBOCT
HaJIeBAJTN OKKJIFO3MOHHYIO MaHXETKY, COSTUHEHHYIO
¢ anexkrpomanomerpom «ELEMA» (IlBerms). s
Ka)KJI0M KPBICHI BBITTONHSIN 4—5 3amepoB AJl u pac-
CUMTBHIBAJIU CpPEJHEE 3HAuEHHUE TpeX MOCIEAYIOLINX
u3Mepenuit [27].

OBTaHa3MI0 JKUBOTHBIX OCYLIECTBIISUIM TOCPEI-
CTBOM JIEKalMTallii, BO BpeMsl KOTOpPOM oTOMpain
00pasIbl KPOBU JJIS MOCIIEAYIONIETO OMOXUMHIYECKO-
ro aHanau3a. YPOBHH MOYEBHHBI, OOIIEro XOJecTe-
puHa, OOIIETO Kalmbllus W aJlbOyMHUHA OMPEACIISLTN
YHHDUIUPOBAaHHBIME METOJIAMH C TIOMOIIBIO CTaH-
JMApTHBIX JIa0OpAaTOPHBIX aBTOAHAIN3ATOpOB. Mc-
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CJIeZIOBaHUE BBHIMONHAIN B Jaboparopun ['opoackoit
MOMUKIMHUKA Ne6(, TONHMKIMHUYECKOS OTACICHUE
Ne89, 1. [Tymikun.

[locne BeIBemEHHMSI W3 JKCIEPUMEHTa Yy KpPBIC
orpenesuii oOIIyI0 MacCy MUOKapAa U Maccy JIeBO-
0 KEeJyI0uKa U PACCYUTHIBAIN WHICKC MACCHI JIEBO-
ro xxenynouka (MMJDK) u unaexc maccsl MuOKapa
(MMM), xaKk COOTHOIIIEHHE MacChl MHOKap/ia JE€BOT0
JKeITyZ04Ka WIIM MacChl BCETO cep/lia K Macce )KUBOT-
Horo (Mr/r) [28].

Jia mccrnenoBaHusl aBTOPUTMHYECKONW COKpaTH-
TeJbHOM aKTUBHOCTH BOpPOTHOI BeHbI (BB) mpumens-
mm Metox muorpaduu (in vitro). C 3Toit 1ienbio mocie
JEKaUTaluy Y )KUBOTHBIX BBIAEIIH (pparmMeHT BB.
[Ipemapar nmomeranu B BAHHOYKY paboueil kamepsl,
nepdy3upyeMyro okcureHuposanubiM (95% O, u
5% CO,) pactopom Kpebca. [y cermenTa ctpo-
ro KOHTPOJUpOBaIu. Perucrpanuto cokpaTuTeIbHON
AKTUBHOCTHU BEHBI OCYIIECTBIISIIN B H30METPUYECKOM
pexxumMe ¢ momornnsio Mexanorpona 6MXTC. Onno-
BPEMEHHO C 3aIllUChI0 HAa CaMOIIHCIE OCYIIECTBISUIN
pEeTucCTpali0 COKpAaTUTENIbHOW akTuBHOCTH BB Ha
KOMIIBIOTEPE MO CIENHaNbHOM nporpamMme. bblin
[IpOaHAIU3UPOBAHBI CIIEAYIONINE IapaMeTphl: dYa-
CTOTa CIOHTaHHBIX COKpAaIleHUH, o0Ias aMIUINTY-
na (pa3sHO-TOHMUECKHX COKpalleHHuil,

MEHHBIX OTIPENESIN C IMOMOIIBIO JUCTIEPCHOHHOTO
ananmuza (ANOVA), kpurepus ManHa — YUTHU WK
YUIKOKCOHA, OMHAPHBIX EPEMEHHBIX — C TIOMOIIBIO
y>-kputepusi. HynmeByro CTaTUCTHYECKYIO THUIIOTE3Y
00 OTCYTCTBMHM pa3iMuWii M CBSA3eW OTBEpraiu Ipu
p<0,05. Ins pacyeToB HCIOIL30Bald IAKEeT IIPHU-
KJIQJIHBIX CTAaTHCTUYECKHUX Mporpamm «Statistica Ver.
8.0» («StatSoft, Inc.», CILIA).

PE3YJIbTATbI

IIpoBeneHHbIe UCCeTOBaHMS MOKAa3alIH, YTO CO-
CTaB MUTHEBOM BOJBI OKA3bIBACT BIMSIHHME HA BEJH-
yiuHy AJ] KMBOTHBIX SKCIEPUMEHTAIbHBIX TPYIII
(puc. 1).

Yepes 2 Mec aKcIiepuMeHTa HanOONIBIIHN YPOBEHB
Al B ycnoBHsAX MOTpeOIeHUS MaJIOMUHEPAIN30BaH-
HOW MUTHEBOW BOJIBI HAOMIONAJICS Y KPBIC C TEHETH-
Yecku nerepMuHUpoBaHHON Al AJ] y KOHTpOsb-
HBIX >KMBOTHBIX JTMHUM SHR Obl10 Ha 31 % Oounbie,
gyem y kpeic WKY. OOoramienne MUTHEBON BOIBI
KaJbIIIeM U MarHueM cHmkaino AJl y crnoHTaHHO-
THIEPTEH3UBHBIX KpbIC HAa 16,3% 1o cpaBHEHHIO C
KOHTPOJIBHON TPYMIIOH, a m0OaBKa TOJBKO MarHus —
Ha 9,9% coorBercTBeHHO. [Ipum 3TOM 3HAYMMBIX
pasnuunii B ypoBHe AJl mexay rpymmamu SHR, mo-

MakCcUMaJlbHas aMIUIUTyJa COKpalle- 190
HU, TIJI01IA/1b TIOJT KPUBOM COKpallie-
HUH 3a 1 MUH, XapaKkTepu3yoIas Bbl-

180

p=0,000

p=0,004 p=0,000

p=0,001

p=0,001

nonasiemMyto BB pa6oty [29]. 170

WccnenoBanust BBIOTHSUIA B CO-
OTBETCTBUHU ¢ HalmoHaabHBIM CTaH-
naprom  Poccuiickoit  Denepanuu
I'OCT 3-53434-2009 «IIpuniumnst
HaJJIexaleil 1abopatopHOi MpaKTH-
Ki», pekomeHaanusamMu Komuccnu no
ouoastuke MWHctuTyTa (uzmonorun
uMm. W.I1. [TaBmoBa PAH mipu omobpe-
HUU 3THYecKkuM KomureroM PI'BOY
BO «lepssriii Cankr-IlerepOyprekuii

160

150 4

140

Blood pressure, mm Hg

NN\

130

ApTepuanbHoe AaBneHne, MM pT. CT.

1204

110

\\ -

m-
N3

roCy/1apCTBEHHBIN MEJIMIIMHCKUAN 100
yHuBepcuteT uM. akaj. M.II. ITaBno-
Ba» MuHn3zapasa Poccuu.
CTaTuCTUYCCKUN aHalu3 TIOMy-
YEHHBIX JaHHBIX MPOBOIWIN C HC-
MIOJIb30BAHUEM OOIIETIPUHSATHIX MMapa-
METPUUYECKHUX U HemapaMeTPUUIeCKUX
MeTofoB. lleHTpanbHble TEeHIEHIUU
OLIGHWBAJIM IO BEJIHYMHE CPETHHUX
3HAUEHUN U CpeHEeKBaJIpaTU4eCcKo-
ro orkjoneHus (M=+c). Cratuctudye-

T T T
SHR control  SHR, hCA+Mg SHR, nCa+Mg  SHR, hMg

WKY, hMg WKY control

pynmbl }KMBOTHbIX
experimental groups

PucyHok 1. YpoBeHb apTepranbHOro AaBAeHUs y KPbIC, MOy4aBLUNX MUTbEBYIO BOAY
C Pas3fINYHbIM COLAEPXAHUEM KaNbLMUSA U MarHusl. SKCNepuMeHTaNnbHble FPynnbi:
control — manomMmuHepanuaoBaHHas Boaa (8 mr/n Ca?', 3 mr/n Mg?*), hCa+Mg — BblI-
CcokoMUuHepanu3oBaHHas Boga (120 mr/n Ca?*, 45 mr/n Mg?*), nCa+Mg - Boza ¢
HOpMasbHbIM YPOBHEM MuHeparnos (80 mr/n Ca?*, 25 mr/n Mg?*), hMg - Boaa ¢ BbI-
COKMM cogepkaHnem maruus (8 mr/n Ca?*, 45 mr/n Mg?*). p — 3Ha4MMOCTb Pasnuymni
Mexay rpynnamu.

Figure 1. The level of blood pressure in rats receiving drinking water with different
contents of calcium and magnesium. Experimental groups: control — low-mineralized
water (8 mg /| Ca?*, 3 mg /| Mg?*), hca + mg — highly mineralized water (120 mg/I

Ca?*, 45 mg/I Mg?*), nCa + Mg - water with a normal level of minerals (80 mg/I Ca?*, 25

CKYIO 3Ha4YUMMOCTL MECKIPYIIIOBBIX
pa3n1/1q1/n71 KOJIMYECTBCHHBIX IICPC-

74

mg/I Mg?*), hMg — water with a high magnesium content (8 mg/I Ca?, 45 mg/| Mg?*).
p — the significance of differences between groups.
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Jy4aBIINX MUTHEBYIO BOMY, OOOTAIIEHHYIO KaK KOM-
IJIEKCOM KaJlblIUA U Marius, Tak ¥ TOJIbKO MarHUEM,
He BeisiBieHO. [lorpebnenne kpsicamu nmuHun WKY
BO/JIBI C TTOBBIIIEHHBIM CO/IEp)KaHNEM MarHus He BIIH-
A70 Ha ypoBeHb AJl, ero BeianuMHaA HE OTIMYANIACh
OT TOKa3aressl KOHTPOJIbHOW rpynmbl (cM. puc. 1).
CTOUT OTMETHUTh, YTO OOOTalllCHHE IMUTHEBOM BOJIbI
HCCIeyeMbIMA MUHEpalaMy He BJIHSUIO HA YacTOTY
CEpJCUHBIX COKPAIIEHUH Y SIKCIIEPUMEHTAIbHBIX JKH-
BOTHBIX.

MuHepanbHBIM COCTaB MUTHEBOW BOJIbI HE OKa3bl-
BaJI BIIMSIHUE Ha OOIIMN KaJbIUH U allbOyMHH KPOBU
KpBIC BCEX HMCCIEAYEeMbIX Tpymi (Tabmuma). ¥ KpbIC
SHR ypoBeHb MOYEBHHBI B CBHIBOPOTKE KPOBH OBLI
OoJibllie B rpymmax, MOJy4aBIIMX MOAUDHUIIMPOBAH-
HYIO 10 COCTaBY BOJLY, IO CPAaBHEHHIO C KOHTPOJIBHOU
IPYNIIOHN, cofep Kalleicss Ha MaJIOMHHEpalIn30BaH-
HOM Boe. OiHAaKO BCE MOKA3aTeIn YPOBHS MOUYEBHHBI
KPOBH HaXOJWIHCh B IpefieNiaXx HOPMalbHBIX pede-
PEHCHBIX 3HAYEHUH JIJIs1 KPbIC JaHHOM FeHEeTUYEeCKON
muauu. Y kpeic muann WKY noGaBieHue MarHusi B
MMUTHEBYIO BOJY HE OKa3bIBaJIO 3HAYUMOTO JeHCTBUA
Ha KOHIICHTPAIIUIO MOYCBUHBI KPOBU (CM. TaOIHITY).

WntepecHo, uTto  moOTpeOseHWE  CIIOHTaHHO-
THIEPTEH3UBHBIME KpbICAaMH O0OTAIIEHHOM MHHepa-
JIaM¥ BOJIbI TIPUBOJMIIO K CHWJKEHHUIO YPOBHS OOIIETO
XOJIECTEpHHA B CBIBOPOTKE KPOBH IO CPABHEHHUIO C KOH-
TPOJBHOM TPYNIION, OHAKO, 3TOT 3((PEKT OTCYTCTBO-
Bau1 y kpbic iuann WKY. Kpome Toro, ypoBens oo1iie-
ro xosnecrepuna Obl Bhie y Kpbic WKY, yem y SHR.

ITocne BeIBENEHUS M3 DKCHEPUMEHTA Y BCEX XKH-
BOTHBIX OIPEIEIISIN OOIIYI0 MacCy MHOKap/ia, Maccy
JIEBOTO JKEJIYJI0UKa, a TAK)KE€ MaccCy Tella U paccuu-
TeiBaId UMM u UMJIXK. Tloka3aHo, 4TO Ha JaHHBIX
CpoKax HaONIONEHUs HCCIeyeMblil MUHEepaTbHBINR
COCTaB IUTHEBOM BOJIbI HE OKAa3bIBAJl CYILECTBEHHO-
IO BIMSHHUS Ha IPOLECCHl PEMOJCIMPOBAHUS MHUO-
kapja. Paznuuus no UMM u UMIJDXK onpenensiinch
B OCHOBHOM MEXJIMHEHHBIMU (PH3HOIOTHYECKUMHE
ocobenHocTsiMA. Tak, UMM y KOHTPOIBHBIX KpbIC
muann SHR 6511 Ha 17.9 % BhIlIe, YeM y HOPMOTEH-
suBHOr0o WKY-kouTpoms (p=0.000), a UMJDK — na
15,5% (p=0,001) (puc. 2, A, b). Y xpsic, nmonxy4as-
HIMX 000TaIEHHYI0 MarHUEM MJIA KOMIUIEKCOM KaJlb-
LUl C MarHUeM IUTbEBYHO BOAY, HE BBISBICHO 3Ha-
yumblx pazanuuiit UMJDK 1 UMM 1o cpaBHEHUIO C
KOHTPOJIEM COOTBETCTBYIOUIEH JmHUU. MHTEpecHo,
YTO MPU OTPEOIEHUH KPhICAMHU BOJIbI, 00OTalieHHON
MarHueM, Takxke OblIH 00HApyKEeHbI MEKIMHEHHBIC
pazmuusi: UMJDK y kpeic SHR 6511 BoItIe Ha 9,7 %,
gem y WKY (p=0,000), a UMM — na 20,1 % coot-
BeTrcTBeHHO (p=0,000).

HccenenoBaHue Takke IOKAa3ajl0 BIHSHHUE CTe-
IIEHW MHMHEpaIu3ally MUThEBOW BOJBI HA XapakTep
ABTOPUTMUYECKON COKPAaTUTENIbHON akTUBHOCTH BB.
BbIsIBIIEHO, YTO BENMYMHA aHAJIM3UPYEMBIX MOKa3a-
TeJIeH CIIOHTaHHOM COKpaTUTENBbHOM akTHBHOCTH BB
3aBUCUT KaK OT JIMHUM >KMBOTHOIO, TaK U OT MUHE-
panbHOro cocTaBa Bonbl. Hambonblnemy BIHSHHUIO
MoJIBEpIVIach aMIUTUTYa (pa3HO-TOHMUECKHX COKpa-

Tabnuua / Table

Buoxumuyeckue nokasartesim KPOBU Y KpbIC, MOJTy4aBLLUUX NMUTHEBYIO BOAY C Pa3/IM4HbIM
copepiXxaHnem MarHums u Kanbuus

Biochemical parameters of the blood of rats receiving drinking water with different
contents of magnesium and calcium

pynnbl SHR SHR, SHR, SHR, WKY, WKY
Groups control hCa+Mg nCa+ Mg hMg hMg control
MoueBuHa, MMOnb/n 4,92+0,12 6,20+0,09 6,83+0,02 6,79+0,17 4,92+0,55 4,50+0,49
Urea, mmol/I p'=0.021 p'=0.000 p'=0.001
p?=0.008 p?=0.000 p?=0.001
XonecTtepuH, MMOnb/n 1,09+0,07 0,75+0,08 0,83+0,08 0,84+0,09 1,50+0,11 1,57+0,14
Total cholesterol, mmol/I p?=0.000 p'=0.000 p'=0.000 p'=0.000 p'=0.000 p'=0.000
p?=0.000 p?=0.000 p?=0.000
O6WNi KanbLMii, MMOJb/J 2,23%+0,12 2,16x0,09 2,13+0,02 2,22+0,17 2,33%+0,03 2,32+0,20
Total calcium, mmol/I
AnbOYMUH, /0 25,8+1,8 25,2+3,5 27,0+1.1 28,9+1,3 27,5%3,2 28,6+4,2
Albumin, g/I

Mpumeydarue. Control — KOHTPOsIbHASA rPynna, NoyYaBLLas MaIOMUHEPaTN30BaHHyto Boay (8 mr/n Ca?*, 3 mr/n Mg?*), hCa+Mg - rpynna,
noJiyyaBLUIas BBICOKOMUHepanu3oBaHHyto Boay (120 mr/n Ca?', 45 mr/n Mg?*), nCa+Mg - rpynna, nosnyyasLuasi BoAy ¢ HOpMasibHbIM
ypoBHeM MuHepasnos (80 mr/n Ca?, 25 mr/n Mg?*), hMg - rpynna, nosy4asLuas BOAyY C BbICOKUM cogepkaHuem martus (8 mr/n Ca?t,
45 mr/n Mg?*). p' — pasnuuvsa 3Ha4nMbl N0 CPABHEHMIO C rpynnoii SHR-KOHTPOb. p? — pasnmums 3Ha4MMbl MO CPABHEHMIO C FPYNnom
WKY-KOHTpONS.

Legend: control — the control group that received low-mineralized water (8 mg/I Ca?*, 3 mg/I Mg?*), hCa+Mg - highly mineralized water
(120 mg/I Ca?*, 45 mg/l Mg?*), nCa + Mg - water with a normal level of minerals (80 mg/l Ca?*, 25 mg/I Mg?*), hMg — water with a
high magnesium content (8 mg/I Ca?*, 45 mg/l Mg?*). p'- he differences are significant compared to the SHR control group; p? - the
differences are significant compared to the WKY-control group.
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4,50 520,000 Iy cokpaiieHnii BB y kpeic, onHako,
4,30 ‘ T =0,000 CTeTeHb N3MEHEHHUH 3aBHUcea OT KOH-
LEeHTpaluu MuHepasioB. Hanbomnbiee
4,10 | T BIUSHUC OKAa3bIBAJIO TMOTpedieHne
@ 390] T KpbhICAMHU BOZBI C BBICOKUM COZIEprKa-
@ HUEM MarHusl.
S 3,707 / / Ob6mas aMITTUTYIA (hazHo-
2 ss0) / / T L TOHUYECKUX COKpaleHuii BB y kpsic
= SHR, mnoiy4aBmux BOAYy C YBEJH-
; 3,301 YEHHBIM CO/Iep’)KaHueM Marusi, Oblia
= s 10 MEHbIIE B CpeaHeM B 2,6 pasa, 4em
' y koHTpoabHONH SHR rpynmsl, u 3Ha-
2,90 YUMO HE OTJIMYaJIach OT IOKa3aTesen
3 70. / / y kpbic WKY, Takxke nosydaBmmx
' oboramennyo Marauem Boxy. Ciie-
2,50 ; ; : : : JIyeT OTMETUTB, 4TO Y Kpbic WKY 1o-
SHR control  SHR, hCA+Mg  SHR, nCa+Mg  SHR, hMg WKY, hMg  WKY control GABIICHHE MATHHS B [IUTHCBYIO BOIY
JKCMepuMMeHTabHble FPyMmbl
experimental groups CHIDKAJO aMIUINTYAy CIOHTaHHBIX
350 cokpamenuii BB B cpemnem B 1,5
' p=0,000 pa3a OTHOCHUTEIIHHO MOKA3aTelisi COOT-
3,30 ‘ o 2% BETCTBYIOLIEH KOHTPOJIHHON TPYIIIHL.
3,104 T / M3MeHeHuss MakCUMallbHOW —aMm-
1 T / TUIMTYABI coKpatenuii BB Obutn ana-
2,901 / / / JIOTHYHBI 00IIIeH aMIUIUTYIE (CM. puC.
; 2.70- / / / / T 3,b). Ilpu 3TOM KOHTpOJBHAS TpymIa
2 / 1 kppic SHR wumena maxcuMalbHYIO
< 07 / / / / aMILUTHTYIy COKpamieHuii B 1,6 pasa
s 2,30 / / / Oonbiie, vem KoHTposibHas WKY
é )10 / / / / / rpynmna. O6oraiieHne TUTbeBO BObI
= MarHMeM CHIKAJIO0 MAaKCHUMaJbHYIO
1,90 / / / aMIUIATYly cokpaieHuii BB y kpsic
170 / / / / / muann SHR 710 ypoBHS, XapakTepHO-
' ro aus HopmoreH3uBHoM WKY rpyri-
1,50 TIBI, TAKOKE TIOTy4aBIIeii BOY C TIOBbI-

SHR control  SHR, hCA+Mg SHR, nCa+Mg  SHR, hMg

JKCNepUMEHTasIbHbIE TPYNMbl
experimental groups

PucyHok 2. Minpgekcel macchl Muokapaa (A) n Mmuokapaa neBoro xenygodka (B) y
KPbIC, NONYYaBLUMX MUTHEBYIO BOAY C PA3NIMYHON KOHLEHTPALMEN MarHUS U KanbLms.
[pynnbl XMBOTHbIX: control — ManomuHepann3oBaHHasa Boga (8 mr/n Ca?*, 3 mr/n
Mg?*), hCa+Mg — BbicOkOMUHepanu3oBaHHas Boga (120 mr/n Ca?*, 45 mr/n Mg?"),

WKY, hMg

WKYeontel i ermpIM comeprkanmem MarHus. Be-

JUYMHA MaKCUMAaJbHON aMIUIUTY/IbI
cokpaiteHuii BB y atux WKY kpsic
Obuta MeHble B 1,6 pa3a, 4eM y KOH-
TPOJIBHBIX JKUBOTHBIX JAHHON FeHEeTH-
YECKOH JINHUU.

nCa+Mg - Boga c HopmMasbHbIM YPOBHEM MuHepanoB (80 mr/n Ca?*, 25 mr/n Mg?"),

hMg - BoAa ¢ BbICOKMM cofepxaHuemM maruus (8 mr/n Ca?t, 45 mr/n Mg?). p — 3Ha-

YUMOCTb Pas3nNnynin MeXay rpynnammu.

Cremyer OTMETUTBH, YTO YacTOTa
CIIOHTaHHBIX COKpalleHui BB 3Haun-

Figure 2. Myocardial (A) and left ventricular myocardial (B) mass indices of rats re-

ceived drinking water with various concentrations of magnesium and calcium. Groups
of animals: control — low-mineralized (8 mg/I Ca?*, 3 mg/I Mg?*), hCa+Mg - highly
mineralized water (120 mg/I Ca?*, 45 mg/l Mg?*), nCa + Mg - water with a normal level
of minerals (80 mg/I Ca?*, 25 mg/l Mg?*), hMg — water with a high magnesium content
(8 mg/I Ca?, 45 mg/I Mg?*). p - the significance of differences between groups.

mernii BB (puc. 3). O0mas aMmnTyaa cokpanieHnit
Yy KOHTPOJBHBIX XKMUBOTHBIX pa3inyanach B 3aBUCH-
MocTH ot nuHuH: y Kpbic SHR oHa Opiia B cpennem
B 1,6 pasa Brimre, yem y kpeic WKY (cMm. puc. 3, A).
VYBenuueHue cojiepkaHus B MUTHEBOM BOJE UCCIIENy-
€MBIX MHKPORJIEMEHTOB CHIDKAIO OOIIYIO0 aMIUIUTY-

76

MO HE OTJINYaJIach y KPBIC BCEX HCCe-
JIOBaHHBIX TPy (puc. 4).
JloGaBnenne MarHus B MUTHEBYIO
BOJy TakXKe 3HA4MMO BIUSJIO Ha Ta-
KO TMOKa3aTreilb aBTOPUTMHYECKOM
COKpAaTUTEIbHOM aKTUBHOCTH, KaK BbINoJiHsiemas: BB
pabota (puc. 5), mpruueM BBIPAKCHHOCTh U3MCHEHUN
3aBHceNa OT JMHUU KUBOTHBIX. Tak, BeJIMYMHA BBI-
MOJTHSAeMO BeHOU paboThl y KOHTposibHBIX SHR, co-
JieprKalyuxcs Ha MPaKTUYECKHU JINIIIEHHON MUHepaJa-
MU Bojie, Obl1a B 1,9 pasza GombIne, 4eM y KOHTPOJIb-
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PucyHok 3. AMNnnTyaa cokpalleHnin BOPOTHOM BEHbI Y KPbIC, MOMY4aBLUNX MUTHEBYIO
BOJY C PasfiMyHOM KOHLEHTpaunen MarHns v kanbums: A — obLias amnantyaa pasHo-
TOHUYECKMX COKPALLEHNIA BOPOTHOW BEHbI, b — MakcrmanbHas amnauTyaa cokpatle-
HWI BOPOTHOW BeHbI. [Pynnbl XKMBOTHbLIX: control — ManomMmuHepann3oBaHHas Boaa (8
mr/n Ca?*, 3 mr/n Mg?*), hCa+Mg - BbicOkoMuHepanmaoBaHHas Boaa (120 mr/n Ca?*,
45 mr/n Mg?*), nCa+Mg — Boga ¢ HopmaJsibHbIM YpoBHEM MuHeparnos (80 mr/n Ca?,
25 mr/n Mg?*), hMg - Boaa C BbICOKMM cofepxaHueM MarHus (8 mr/n Ca?, 45 mr/n
Mg?*). p — 3HAYMMOCTb Pa3NYNIA MEXAY FpyrnnamMu.

Figure 3. Amplitude of contractions of the portal vein of rats, receiving drinking water with
different concentrations of magnesium and calcium: A — total amplitude contractions
of the portal vein, B — maximum amplitude of contractions of the portal vein. Groups of
animals: control — low-mineralized water (8 mg/I Ca?*, 3 mg/I Mg?*), hCa+Mg - highly
mineralized water (120 mg/I Ca?*, 45 mg/I Mg?*), nCa + Mg — water with a normal level
of minerals (80 mg/I Ca?*, 25 mg/I Mg?*), hMg — water with a high magnesium content
(8 mg/I Ca?*, 45 mg/l Mg?*). p — the significance of differences between groups.

Y MarHys OKa3bIBaJIo MEHee BhIpakeH-
HbII 3 dekT Ha TaHHbBII [TOKa3aTelb.

Ha puc. 6-9 npeacrasieHs 3aucu
ABTOPUTMHUYECKOW  COKpPATUTEJIbHOMN
aKTUBHOCTU BB KOHTPOJIBHBIX KpPBIC
muani SHR 1 WKY # )KHBOTHBIX, ITO-
JIy4aBIIMX MUTHEBYIO BOAY C BBICOKUM
cofiepKaHUeM MarHusl.

Takum oOpaszom, moOTpeOICHHE
kpbicamu auHEH SHR ¢ 6-HEenmenpHO-
ro Bo3pacta B TedeHue 2 mec obora-
LIEHHON MUHEpajlaMH BOJBI HMEJIO
BBIPAKEHHBIM  aHTUTHUIIEPTEH3UBHBII
3 QeKT, He CBA3aHHBIN ¢ W3MEHEHU-
eM runepTpouu MUOKap/a, a TaKkkKe
MO (UITIPOBATIO ABTOPUTMHUECKYIO
COKPaTUTEIbHYI0 AaKTHMBHOCTH BO-
poTHO# BeHbl. OOoramieHHe NHThE-
BOIl BOJIBI OCHOBHBIMH MHHEpalIaMu
CHIDKAJI0O ypPOBEHb XOJIECTEpUHA Y
CIIOHTAHHO-TUIIEPTEH3UBHBIX KPBIC.

OBCY>XAEHUE

MHoOro4mucieHHbsIlE  AIUAEMHOJIO-
FMYCCKUE HCCICNOBAHMS  BBISIBHIIN
B3aMMOCBSI3b MEXKJIY COZACpIKaHHEM
HMOHOB KaJIbIIMsI U MarHus B MUTHCBOU
BOJIC M 3200JIEBAEMOCTBIO apTepHaIb-
Hoit runieprensucii [30, 31]. Ycranos-
JICHO, YTO HENOCTAaTOK HSK30TCHHOTO
MarHus TPUBOAMT K IOBBIIICHUIO
ypoBast A/ [5-7]. B To xe Bpewms,
IKCIIEPUMEHTAIIbHBIE  HCCIICAOBAHMUS
MOKa3aly THIIOTEH3UBHOE JICHCTBHE
JIUETHI C BEICOKUM COJICP)KaHHUEM Mar-
Hus y kpeic SHR, momyuaBmmx ru-
nepHarpueByto nuety [32, 33]. Kpome
TOTO, HAIIM MPEBIAYIINE UCCIIe0Ba-
HUSl BBISIBWJIM AHTHTUICPTCH3UBHBIN
3¢ deKT MUTHEBOH BOJbI, 00OTalICH-
HOM KanbitieM u MaraueM (120 mr/n
Ca* u 45 mr/n Mg?") y Kpbic cTOKa
Wistar, MoJBEpPrHyThIX SKCIEPUMEH-
TaJIbHOMY YMCHBIICHHIO KOJIMYESCTBA
byHKIMOHNpYOIHMX HeHpOoHOB [34].

VYuyuthiBast, 94T0 HanOOIbIICH OHO-

ueix WKY, a oOoraieHnrne MUTHEBOH BOALI MAarHHEM
YMEHBILIAIO 3HAaYEHUE TAHHOTO MOKA3aTels TOJIBKO Yy
kpeic muanH SHR (B cpeqnem Ha 55,6 %, p=0,000),
HO He y WKY. [Ipuuem, cHUKEHNE BETUYHHBI BbI-
nonasemoil BB pabotsl y kpeic SHR Obiio Hanbonee
BBIp)KEHO NMPH JOOABICHUH TOJIBKO MarHusi B MUThe-
BYIO BOAY, @ 000TaIeHne BOIbI KOMITJICKCOM KallbIIHs

JOCTYITHOCTBIO 00/1aal0T MIMEHHO PAcTBOPEHHBIE B
BOJIC MUHEPAJIbl, KOPPEKIMS MHHEPAJIBHOTO COCTaBa
MUTHEBOW BOJIBI MOXKET UMETh CYIIECTBEHHOE 3Haue-
HUE B IUTaHE MPOPUIAKTHKY | JICUCHHS MHHEpaJie-
GUIUTHBIX cOCTOSIHWH, a Takke Al. AHanu3 mony-
YEHHBIX HAMHU JIAHHBIX TOATBEPIMI, YTO HE TOJIBKO
YBEJIMYEHHUE JUETHUECKOTO MarHusi, HO ¥ MoJuQuKa-

7
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PucyHok 4. HYacToTa CNOHTaHHbIX COKPALLLEHMIA BOPOTHOW BEHbI Y KPbIC, MNOSY-
YaBLUWX MUTLEBYIO BOAY C Pa3/INYHOM KOHLLEHTPaLIME MarHUs U KanbLmst. OKC-
nepvMeHTanbHble rpynmnbl: control — ManoMuHepanna3oBaHHas Boaa (8 mr/n
Ca?, 3 mr/n Mg?*), hCa+Mg — BblcOkOMMHepanu3oBaHHas Boay (120 mr/n
Ca?, 45 mr/n Mg#"), nCa+Mg — Boza C HOpMaJsibHbIM YPOBHEM MUHEPAOB
(80 mr/n Ca?, 25 mr/n Mg?*), hMg — BoZa C BbICOKMM COAepXaHuem MarHus
(8 mr/n Ca?*, 45 mr/n Mg?). p>0,05 Bo BCcex cnyyasx.
Figure 4. The frequency of spontaneous contractions of the portal vein in rats
receiving drinking water with different concentrations of magnesium and cal-
cium. Experimental groups: control - low-mineralized water (8 mg/I Ca?*, 3mg/I
Mg?*), hCa+Mg - highly mineralized water (120 mg/I Ca?*, 45 mg/I Mg?*), nCa
+ Mg - water with a normal level of minerals (80 mg/I Ca?*, 25 mg/l Mg?*), hMg
— water with a high magnesium content (8 mg/I Ca?*, 45 mg/I Mg?*). p>0,05.
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PucyHok 5. BeinonHsiemasi BOPOTHOW BeHOM paboTa y KpbIC, MOAy4YaBLUNX
NUTLEBYIO BOAY C PA3/INYHOM KOHLLEHTPAUWEeNn MarHns 1 KanbLms. Okcnepu-
MeHTasIbHbIE FPYNMbl: control — MmanomMuHepannaoBaHHas Boga (8 mr/n Ca?,
3 mr/n Mg?*), hCa+Mg — BbicokoMUHepan3oBaHHas Boga (120 mr/n Ca?,
45 mr/n Mg?*), nCa+Mg - Boa ¢ HopMasibHbIM YPOBHEM MUHepasoB (80 mr/n
Ca?*, 25 mr/n Mg?*), hMg - Boaa ¢ BbICOKMM coaepXaHnem marHus (8 mr/n
Ca?*, 45 mr/n Mg?*). p — 3Ha4MMOCTb Pa3INYNn Mexay rpyrnnamu.

Figure 5. Work done by the portal vein of rats, receiving drinking water with
different concentrations of magnesium and calcium. Experimental groups :
control — low-mineralized water (8 mg/l Ca%, 3 mg/I Mg#), hCa+Mg - highly
mineralized water (120 mg/I Ca?*, 45 mg/l Mg?*), nCa + Mg — water with a
normal level of minerals (80 mg/I Ca?*, 25 mg/l Mg?"), hMg — water with a high
magnesium content (8 mg/I Ca?*, 45 mg/I Mg?*). p — the significance of differ-
ences between groups.
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1Ml MOHHOTO COCTaBa MUTHEBOM BOABI (TIpU
COXpAaHEHUM CTaHAAPTHON AMETHI) MOXKET
OKa3bIBATh aHTUTUIIEPTEH3UBHBIN AP PEKT.

Tak, moTpebieHne B TEUCHUE TBYX MeE-
cs1IeB 000TaleHHON MarHueM JINO0 KOMIIO-
3ULIMEH KalbIUs ¥ MarHus BOJBI 3aMeIJISII0
pa3BUTHE TUNEPTEH3UH Y MOJOMABIX KPBIC
muann SHR. Yposens A/l y HUX ObUT HIDKE
Ha 15% 1o cpaBHEHUIO C TPYIIION ITOM Ke
JUHHUH, COfIeprKaleiics Ha MaJOMUHepaIn-
30BAaHHOM TUTHEBOM BOJE, M 3HAUMMO HE
omyancs ot AJl, XxapakTepHOro Al KOH-
TpoabHbIX K TuHIH SHR kpeic WKY. Cre-
JIyeT OTMETUTh, YTO aHTUTUIePTEH3UBHBIN
3P PeKT MUTHEBOI BOJIBI C BEICOKUM COJICP-
YKAaHHEM MarHus MPOSBILIICS MPU UCXOIHO
MOBBIIIIEHHOM ypoBHE A/l (y HBOTHBIX C
TeHEeTHYeCKH JeTepMUHHpoBaHHON Al’) u
orcytcTBOoBal y Kpbic WKY ¢ Hopmaib-
Hoit BemumunHoil AJl. Vcxons w3 ycnoBuit
9KCIEPUMEHTA, COITIACHO KOTOPBIM KPBICHI
HaYMHAIM TONy4aTh MOAM(UIIMPOBAHHYIO
10 MUHEPAIILHOMY COCTaBY MUTHEBYIO BOAY
C MOMEHTa Iepexoia K Ae(pUHUTUBHOMY
MUTAaHUIO B paHHEM Bo3pacTe (6 Henemb),
Korma mpoiece pocra AJl y COHTaHHO TH-
TIePTEH3NBHBIX KPBIC €Ile HE 3aBEPILEH, MbI
rojlaraeM, 4to o0oraIieHre MuTHEBON BOIbI
MUHEpajJaMH 3aMeUIsieT WU Tpemympe-
KIAET JaJbHEHIIMA TPOTrPECCUBHBIIA POCT
AJl. CrouT moAg4epKHyTh, 4TO J0OaBIEHUE
TOJBKO MarHus B TNHUTHEBYIO BOAY HMEET
HEMHOTO MEHBIIHNH, HO CTaTUCTHYECKH He
OTJIMYAIOIIUNCA OT BIMSHHUS KOMIIO3UIIUU
KaJblusi U MarHusg d¢¢exr. Takum obOpa-
30M, 00OTaIl[CHNE MMUTHEBOI BOJIBI MAarHHEM
W/WITN KaJbIIUEM MOXET PACCMaTPUBATHLCS B
KadyecTBe NMPEBEHTUBHON MeEpbI, TpeayIpe-
KIAOUIEH pa3BUTHE apTEpUaIbHONW TIH-
MEepPTEeH3UN B PErruoHax C HeJ0CTATOYHOM
MUHepaJu3aeil MpUPOJHBIX HUCTOYHUKOB
NUTHEBOU BOJBI.

Cumxenne A/l B uccrnenoBaHHBIX TPYII-
nax He OBLIO OJHO3HAYHO acCOIMMPOBAHO
C MHTEHCHBHOCTBIO TPOIIECCOB PEMOJIEIH-
poBaHusl MHOKapnaa. MHaeKc maccel MHO-
Kapa y SKCHEepUMEHTANIbHBIX >KUBOTHBIX,
SBISIFOIUIICS TIOKa3areneM THUrepTpodu-
YECKMX M3MEHEHUH Ccepjlla, He 3aBUCEN
OT COCTaBa NMUTHEBOM BOJBI. Tak, He OBLIO
BBISIBJIEHO JOCTOBEpHBIX paznmuuuii UMM
n UMJDX mexny rpynnamMu OAHOW JTUHUU
TIpH COZlep’KaHUM KMBOTHBIX Ha PAa3IMYHON
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Measurement: 3 Action: 3 Threshold: 10mg
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PucyHok 6. 3anmcb CNOHTAHHOW COKPATUTENbHOW akTUBHOCTN
BOPOTHOW BEHbI Y KPbICbl NMHUM SHR, nony4asLuer NUTbEBYIO
BOJY C HU3KUM cofepXXaHnem Kanbumsa n marbmns (8 mr/n Ca?,
3 mr/n Mg?").

Figure 6. Recording of the spontaneous contractile activity of the
portal vein of SHR rat received drinking water with a low calcium
and magnesium content (8 mg/I Ca?*, 3 mg/l Mg?").

Measurement: 1 Action: start Threshold: 10mg
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PucyHok 7. 3anucb CNOHTAHHOW COKPaTUTENbHOW aKTUBHOCTU
BOPOTHOW BeHbl Y KpbICbl HUM WKY, nony4aBllen NUTbEBYIO
BOJZly C HU3KMM COJEPXaHWEM Kanbuus n marHus (8 mr/n Ca?',
3 mr/n Mg?).

Figure 7. Recording of the spontaneous contractile activity of the
portal vein of WKY rat received drinking water with a low calcium
and magnesium content (8 mg/I Ca?*, 3 mg/| Mg?*).

Measurement: 2 Action:

/ \\ f
1‘1 f /

I

Threshold: 10mg

i
I_\I\ 1A

N 1 AE
w/‘\rm,‘l\f\ﬂr f \ //\-\\A
WA WA WAL WAl Y E

{
1/

NNStart] ~ Action  [Freq/Amplit[Max|Work | Tonus [Trac spWeak sp
(2] 1:0] |17 ] 19 |40| 9 | 0 | 214 | 128 |

PucyHok 8. 3anncb CNOHTaHHOW CoKpaTUTEIbHOM aKTUBHOCTM BO-
POTHOW BEHbI Y KpbICbl IMHMM SHR, nonyyaBLueli NUTbEBYIO BOOY
C BbICOKUM cogepxaHuem martusa (8 mr/n Ca?*, 45 mr/n Mg?*) .

Figure 8. Recording of the spontaneous contractile activity of
the portal vein of an SHR rat receiving drinking water with a high
magnesium content (8 mg/I Ca?*, 45 mg/l Mg?").

Measurement: 1
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Action: start Threshold: 10mg

PucyHok 9. 3anncb CnoHTaHHOM COKPaTUTENbHON aKTUBHOCTM BO-
POTHOW BEHbI Y KPbIChI TMHUKM WKY , nonyyaBLueln NMTbEBYIO BOAY
C BbICOKMM cogepxaHuem martusa (8 mr/n Ca?t, 45 mr/n Mg?*) .
Figure 9. Recording of the spontaneous contractile activity of
the portal vein of an WKY rat receiving drinking water with a high
magnesium content (8 mg/I Ca?", 45 mg/l Mg?*).

o coctay Boze. Onnako Benuurnaa UMM u UMJDK
3aBUCENA OT T€HETUYECKOM JIMHUM: Yy KPBIC CO CIIOH-
TaHHOM TUTIEpTEeH3Mel OH OBLT 3HAYMMO OOJIbIIE, YeM
y HopMOTeH3uBHbIX WKY KpbIC, UTO SBISETCS CHEN-
CTBUEM (PU3UOJOTHYECKUX 0COOEHHOCTEN CepeuHO-
cocyauctoil cuctemsl y kpbic SHR B ycrmoBusix mpo-
rpeccupoBanus runepreHsuu [35]. Takum obpazom,
MOKHO 3aKJIOYHMTh, YTO YBEIMYECHHE IOCTYIUICHUS
MarHus WM KOMIUJIEKCA MarHus ¢ KaJblUEM C IUThe-
BOI BO/ION Y CHOHTAHHOTHIEPTEH3UBHBIX Kpbic SHR
Ha JIaHHOM CpOKE NPELyNpPEkXIAACT WIM TOPMO3UT
pa3BUTHE apTepHUaJbHON THIEPTeH3UH 0e3 BIHUSHUSA
Ha IIPOLECCHl PEMOJIEIMPOBAHNS MHOKApAA.

Jns OLleHKM MEXaHU3MOB JIEUCTBUS MHUHEPAJIb-
HBIX JI002BOK NUTHLEBOW BOJBI Ha (DYHKIIMOHAIBHOE
COCTOSIHHE COCYJIOB OBIJIM MPOBE/ICHBI IKCIIEPHMEH-
ThI 110 U3YYEHUIO NIapaMETPOB aBTOPUTMUYECKOM CO-
KpaTuTeJIbHOM akTMBHOCTU BB y kpbic. ITockonbky
pa3Butue Al' BO MHOTOM OTIPEAEISAETCS COCTOSTHUEM
BHYTPHUKJIETOYHOI'O TOMEOCTa3a M TPAHCHOPTHBIX
cucrem I'MK cocynoB W KapAMOMHUOLMTOB, a Mar-
HUI SIBJISIETCS. ONHUM W3 (DAKTOPOB, BIMSIONIMX Ha
TPaHCIOPT TaKuX MOHOB, Kak K*, Na*, Ca?* [17], Mbr
UCTIONIb30BAII U30JIUPOBaHHBIN QparmenT BB B ka-
yecTBe MOAeNH il u3yudeHus mnpoireccoB B MK,
CBSI3aHHBIX C PabOTOW MOHHBIX KaHaJoB [29, 36, 37],
Y CPAaBHWIN 3aBUCUMOCTb I10Ka3aTeseil CIIOHTaHHON
COKpaTUTEIbHON akTHBHOCTH BB y KpbIC OT MuHe-
paJBHOTO COCTaBa MOTPEOIIEMON TUTHEBOM BOBI.

AHanu3 MONYyYEeHHBIX JaHHBIX MOKa3aj, YTO BO-
JUHBIM PEXKUM MOKET 3HAUUTEIIbHO BIUATH HA COCTOS-
HUE COCYJ0B. Pa3zBuTHE rMIIEPTEH3UH Yy KPBIC MUHE-
panaeUIUTHON TPYIIIBI COMPOBOXK/IATIOCH YBEINYE-
HUEM COKpaTUTENbHON akTHBHOCTH BB: pocTom 00-
el aMIUTHTYAbl (pa3HO-TOHUYECKUX COKPAICHHIH,
MaKCHUMaJIbHOW aMIUTUTYABI (a3HbIX COKpalICHUH H
BBITIOIHAEMOM BEHON paboThI, UTO YKa3bIBaeT HA Ha-
pylieHne paboThl, IPEXK/Ie BCETO, KABI[UEBBIX TPAHC-
MOPTHPYIOMUX cucTeM [36]. YBenndeHune nocTyruie-
HUSI C NIUTHEBOM BOAOH KOMIUIEKCA MarHusl M Kajb-
LUl CHUXKAJIO aBTOPUTMHUYECKYH) COKPATUTEIBHYIO
AaKTUBHOCTPH (OOIIYI0 M MaKCHMAJIbHYIO aMILTUTYIbI
COKpAIIIeHHH, a TaK)Ke BBITIOJIHIEMYIO BEHOU paboTy)
BB y KpbIC ¢ TEHETUYECKH ACTEPMUHUPOBAHHON '~
neprensueil. [Ipu aTom, napameTpbl COKpaTUTEIbHON
AKTUBHOCTH JJOCTUTAJIN YPOBHS, CXOJHOTO C TAKOBBI-
MH Y HOPMOTEH3UBHOTO KOHTpousst tuHuun WKY, He-
CMOTPsl Ha MEXJIMHEHHBIE Pa3au4Msl HCXOIHBIX Ia-
paMeTpoB COKpaTUTENbHON akTMBHOCTH BB. Takum
00pa3oM, CHHKEHNE aMIUTUTYAb! (pa3sHO-TOHUYECKHX
cokpamieHnii BB 'y cHOHTaHHOIMIEPTEH3MBHBIX
KpBIC, TTOJYYaBIIUX O0OTAIIEHHYIO KalblIUeM U Mar-
HUEM BOAY, O KOHTPOJIBHOTO YPOBHS, XapaKTEpHO-
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ro JUisi HOpMOTEH3UBHBIX KpbIc JIMHUM WKY, MoxeT
JIEMOHCTPUPOBATh HOPMAIM3ALMI0 CBS3AHHBIX C
KaJIBLIUEM BHYTPHUKJIETOYHBIX IPOLECCOB B INIAIKO-
MBIIICYHBIX KJIETKaX BOPOTHOW BeHbl [18]. Obora-
LIeHNE MUTHEBON BOJBI TOJIBKO MarHueM eie Ooiee
CHIKAIIO0 (DYHKIIMOHAILHYIO aKTHBHOCTH HCCIEye-
MBIX COCYJIOB I10 CPABHEHUIO C KaJIbIIMI-MarHUEBbIM
KOMIUIEKCOM, HUBEIINPYS pa3Inyuus MEXy JUHUSMU.
OpnHako, IO HallIEeMy MHEHHIO, 3TO Ype3MepHOe yrHe-
TEHHE COKPAaTUTENbHON akTUBHOCTH BB (ammmuTyp1
COKpAIIIeHUH U BBITIOJHAEMON BEHON pabOThI) MOXKET
HMMETh HETaTUBHBIE NIOCIEACTBUA. B 3TOM citydae, nmo-
BHJMMOMY, IIPOSIBUIOCH JEUCTBUE HEAOCTATKA Kajlb-
LM, IOCKOJIBKY COKpAaTUTENbHAsl aKTUBHOCTh BB BO
MHOI'OM 3aBUCHUT OT COCTOSIHMS KaJIBLIUEBOIO TOMEO-
craza MK [38—40].

SAKJTHOMEHUE

Takum 00pa3om, MPOBEICHHBIE UCCIIE0BAHHUS T10-
KazaJli, 4TO ToTpedsieHHue KphICaMU MTUTHEBOM BOJIBI,
00OTalIeHHON TOJBKO MarHueM, JaeT aHTHTUIep-
TEH3UBHBIH dPQPEKT, 0JJHAKO, YTHETAET CIIOHTAHHYIO
COKpaTUTEIbHYI0 aKTUBHOCTh BB, uTto MoO)er cBu-
JIETEbCTBOBATh 00 YXYAUICHHH (YHKIHOHAIBLHOTO
COCTOSIHUSA COCYIIOB. [IJ1s1 KpBIC ¢ TEHETUUECKHU IEeTEp-
MUHUPOBaHHON Al, MMEIOMMX MaTOJOTHYECKH BbI-
COKYH) CIIOHTAHHYK) COKPAaTUTEJIbHYK) AKTHBHOCTB
BB, 1ieniecoo0pa3Ho UCIOb30BaTh KOMILICKC MarHus
C KaJIbITEM, KOTOPBIN Takxke 3amemisieT poct AJl, HO
IIPU ATOM CHUXKAET COKPATUTEJIBHYIO AKTUBHOCTh
BB 1o HOpManbpHOTO (pU3MOJIOrHYECKOTO YPOBHS. Y
CIIOHTAHHO-TUIIEPTEH3UBHBIX KpPbIC AHTUTHIIEPTEH-
3uBHBIN 3 ekt oboraiieHus: BOAbl HOHAMHM MarHus
Y KaJIBIUS B OTIPE/ICTICHHON Mepe MOYKET ObITh peaju-
30BaH 4Yepe3 HOPMAJIU3aLMIO IIPOLIECCOB PACIIpeaeIIe-
HUS BHYTPHUKJIETOYHOIO KajblLusl, NPEJOTBPALICHUS
MEeperpy3Ky KaJIbLUEM ITIaJIKOMBILIEYHBIX KJIETOK CO-
CYZIOB, CTaOWJIM3aIMell CBI3aHHBIX C KaJIbI[MEM HMOH-
TPAHCIOPTUPYIOLIUX CUCTEM.
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