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[IpoBeIeHO OLIHKY BIUTHBY Pi3HEX 103 MarHito (100-, 250- i 500 Mr Mg ‘/kr macu Tina) y bopmi MarHiii
OUTpaTy HA CTaH BYIJIEBOJHOTO OOMiHY B TKAaHWHAX IMEYiHKH, MIANUTYHKOBOI 3aJI03H 1 CKEJICTHUX M’sI31B
IIypiB 3 aJOKCaH-IHAYKOBAaHUM IIYKPOBHM JiabeToM. BcTaHOBIIGHO, IO B MIYPIB 3 €KCIICPUMEHTAIBHIM
niabeToM aKTHBHICTB TIIIOK030-6-hocdaTaeriiporeHasy 3HWKyBagacs B yCiX JOCHTIKYBAaHUX TKaHWHAX,
a JaKTaTAETiApOTreHa3yu — JIMIIe B TKAHWHI MEYiHKU 1 MiANUTYHKOBOI 3aji03H. 3’SCOBAHO, IO BBEIEHHS
JI0 CKJIaJly pallioHy TBapHH 3 eKCIIEpUMEHTAJIbHUM Jia0eToM MarHiii IUTpaTty J03BOJIMIO CTa0lIi3yBaTH
AKTUBHICTh CH3MMIB BYTJICBOJHOTO OOMIHY.
Kmouoei cnosa: wyp, maenii yumpam, yykposuii oiabem, 8y2i1e800HUL 0OMIH.

Mlatuackas E.A. AKTUBHOCTb ®EPMEHTOB VYIJIEBOJHOI'O OBMEHA B TKAHAX KPBIC
C AJUIOKCAH-UHAYIIMPOBAHHBIM CAXAPHBIM JOMABETOM [IIPU OOBABJIEHUU
MATHUN HOUTPATA / Wactutryr Ouonoruu >kuBoTHBIXx HAAH; 79034, VYkpawna, JIbBOB,
yi. B. Cryca, 38

[IpOBOMIH OLEHKY BIMSHHUSA PA3TMUHbIX 103 Marmus (100-, 250- u 500 mr Mg®* / kr macchl Tema)
B opMe MarHuii IUTpaTa Ha COCTOSHHE YIJIEBOAHOTO OOMEHAa B TKaHSAX MEYECHH, IOJDKENyJOYHOU
JKeJIe3bl M CKEJICTHBIX MBIMIL KPbIC C aJUIOKCAH-WHYLIUPOBAHHBIM CaxapHbIM IHA0ETOM. YCTaHOBIICHO,
YTO y KPBIC C OKCIIEPUMEHTAJIbHBIM THA0CTOM aKTHBHOCTH TIIOK030-6-(hochaTaernaporeHasst
CHIDKAlaCh BO BCEX HCCIEAYEMBIX TKAaHAX, a JAKTaTAETHAPOTeHa3hl — TOJBKO B TKAHW II€YEHH W
MMOJUKETYAOYHOW  JKeNe3bl. YCTaHOBJIEHO, 4YTO BBEJACHHWE B COCTaB palHOHA JKUBOTHBIX C
9KCHEPUMEHTAIBHBIM THa0ETOM MarHuii LUTpaTa MO3BOJIMIO CTaOWMIM3UPOBAaTh AKTUBHOCTH IH3MMOB
YTIIEBOJIHOTO OOMEHA.

Knouesvie crnosa: kpvica, macnuil yumpam, caxapuiil ouabem, yene800Hbulil 0OMeH.

Shatynska O.A. ACTIVITY OF THE ENZYMES OF CARBOHYDRATE METABOLISM IN THE
RATS’ TISSUES WITH ALLOXAN-INDUCED DIABETES BY ADDING MAGNESIUM CITRATE /
Institute of Animal Biology UAAS; 79034, Ukraine, Lviv, V. Stus str., 38

Diabetes mellitus (DM), characterized by metabolic disorders related to high levels of serum glucose, is
probably the most associated disease to Mg depletion in intra and extra cellular compartments.
Magnesium is directly involved in numerous important biochemical reactions, and particularly is a
necessary cofactor in over 300 enzymatic reactions and specifi cally in all those processes that involve the
utilization and transfer of adenosine triphosphate (ATP).

Intracellular Mg is a critical cofactor for several enzymes in carbohydrate metabolism, and because of its
role as part of the activated Mg-ATP complex required for all of the rate-limiting enzymes of glycolysis,
regulates the activity of all enzymes involved in phosphorylation reactions.

Mg also is deeply involved in the regulation of insulin signaling, in the phosphorylation of insulin
receptor kinase, in the post receptorial action of insulin, and in insulin-mediated cellular glucose uptake.

The aim of our study was to explore the effect of different doses of magnesium (100-, 250- and 500 mg
Mg*" / kg body weight), in the form of citrate, at the state of carbohydrate metabolism in the rats tissues.

The researches were conducted on the 25 white female Wistar rats, which were divided into five groups:
CG — control group, RG 1-4 — research groups. During a month from the beginning of the studies the
magnesium citrate solution in quantities of 100, 250 and 500 mg of Mg*'/kg of body weight were added
to drinking water to animals of the RG 2-4.

The experimental diabetes was induced in the animals of RG 2-4 on the backdrop of a 24-hour fasting by
a single intraperitoneal administration of alloxan (150 mg/kg body weight) in 5% saline solution.
Hyperglycemia was found by measuring blood glucose, collected from the tail vein, using a portable
blood glucose meters.
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Materials for the research were homogenates of the liver tissue, muscle tissue and pancreas tissue, which
were selected after decapitation. In the tissues the activity of key enzymes of carbohydrate metabolism —
glucose-6-phosphate dehydrogenase (G6PD) and lactate dehydrogenase (LD) were determined.

The experimental intervention and euthanasia of animals carried out in accordance with international
principles of the European Convention for the Protection of vertebrate animals used for experimental and
other scientific purposes (Strasbourg, 1985), the decision of the First National Congress on Bioethics
(Kyiv, 2000).

Statistical analysis was performed on statistically significant differences between experimental groups by
using the software package Excel. To assess differences in the averages normally distributed sample used
parametric t-Student test.

In the research had been found that in the rats of RG2 the activity of the glucose-6-phosphate
dehydrogenase decreased in muscle tissue, liver tissue and pancreas tissue (P < 0,001) comparing with the
animals of control group. We also had found that activity of the lactate dehydrogenase, in the rats of RG2,
decreased in the tissues of liver and pancreas, but increased in muscle tissue (P < 0,05) comparing with
the animals of control group.

In the conditions of adding magnesium citrate, activity of the G6PD increased in the muscle (P < 0,001),
liver and pancreas (P < 0,01) tissues in comparing with the animals of control group. Also we observed
decreased activity of the LD in muscle tissue and increased activity of this enzyme in liver (P < 0,05) and
pancreas tissues (P < 0,01) comparing with the animals with experimental diabetes.

Considering all the above, the prospects for further research in this direction seen in studying the effect of
magnesium citrate as a means to prevent complications of diabetes, which will allow to develop new
therapeutic agents to prevent and treat this disease.

Accordingly, normalization of the carbohydrate metabolism under the influence of magnesium citrate due
to the fact that magnesium has positive effects on secretion and insulin action, improves insulin receptor
sensitivity and a full response to the hormone action affects glucose uptake and, therefore, its normal
utilization.

Key words: rat, magnesium citrate, diabetes, carbohydrate metabolism.

BCTVYII

I{ykpoBuii aiabeT XapakTepU3yeThCsl MOPYUICHHSIM OOMIHY PEUOBHUH, MOB’SI3aHUHN 13 BHCOKUM
pPIBHEM TJIFOKO3HM Ta, HMOBIPHO, 3 BUCHOKEHHSIM MarHiro (Mg) y BHYTPIIIHBO- 1 MO3aKIITHHHUX
KOMITapTMeHTax [1].

Marsiit 6epe 6e3mocepeHIO y4acTh Yy YHCICHHUX BAXJIMBUX OI0XIMIYHUX PEaKI[isX, 30KpeMa €
HeoOXigHUM KodakTopoM moHaa 300 eH3UMMaTUYHHMX pPEaKIliid, 0COOJMBO y THX Ipollecax, sKi
BKJIIOYAIOTh BUKOpUCTaHHSA 1 mnepenauy AT®. BHyTpilIHBOKIITHHHUE Mg sK YacTHHA
aKTUBOBaHOro KoMiuiekcy Mg-AT®, HeoOXigHMM [UIsl BCIX JIMITYIOUMX €H3MMIB TJIIKOJI3Y,
PEryIio€e AisUIbHICTh €H3UMIB, SIK1 OEpyTh y4acTh B peakiisx (GochopriitoBaHHs [2].

Marsiit 6epe ydacTh y TPaHCIIOPTYBaHHI TJIFOKO3U Yepe3 TUIa3MaTHIHI MEMOpPaHH KIIITHH, MOXE
BiJIiTpaBaTH pPOJb Yy CEKpellii IHCYTiHy Ta MOMAYNIOBaTH MEXaHI3MM Iepenadi eHeprii Bif
BHUCOKOeHepreTuuHux (Qocdaruux 3B’s3kiB [3, 4]. 3 oAy Ha 11eé METOIO HAIIUX JOCIIIKEHb
Oyno 3’siCyBaHHS BIUIUBY PI3HUX KUIBKOCTEH MarHiii HUTpaTy Ha BYIJIEBOJAHUNA OOMIH y Pi3HUX
TKaHWHaX IypiB 3a YMOB TiMEpriIiKeMmii.

MATEPIAJIN TA METOIHN JOCJILIZKEHHA

JocnimpkenHs npoBoauiucs Ha 25 Oinux jabopaTtopHuX Irypax JjiHii Bicrap, momineHux Ha
5 rpym: KI' — xonTponesHa rpyna; JAI'l — TBapuHU 3 €KCIIEpUMEHTAIBHUM I[yKPOBHUM JiabeTom
(EILJ) 6e3 Oyap-sixoi mpodinaktuku 3axsoproBanust; A2, AI'3 1 A'4 — tBapunu 3 ELIJ, sxum
npotsiroM 30 [i6 eKCIepHMEHTY 0 MUTHOI BOAM moAaBaxi Mg , y BHMISI [IUTpaTy MarHiro
(CeHeO7Mg) B mozax 100, 250 ta 500 mr Mg2+/1<r MacH Tina. ExcnepuMeHTanbHUN IyKpOBUIl
niaber BukiMKamy Ha 20 o0y MUISIXOM OJHOPA30BOIO BHYTPINTHHOYEPEBUHHOTO BBEACHHS 5%
po3unHy anokcanMmoHoriapary («Cunbiac») y kimpkocTi 150 mr/kr macu Tina. ['imepriikemiro
BUSIBIISUTM LUIIXOM BHUMIPIOBAHHS TJIIOKO3U KPOBi, 310paHOi 3 XBOCTOBOI BEHHM, 3a JOMOMOTOIO
MOPTAaTUBHOTO IimokoMeTpa («Gamma-M»»).
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Ha 30 noOy TBapuH BUBOAWMIIM 3 €KCIEPUMEHTY I JIETKHMM e(dipHUM Hapko3oM. Matepiaiom
JUISL TOCTI/PKeHb CIIYTYBald TOMOTCHATH TKAaHWUH IIypiB, y SKUX BH3HAYAIM aKTHUBHICTh
OCHOBHHMX €H3UMIB BYIJIEBOJIHOTO OOMIiHY: Ti0K030-6-hocdaraerinporenaza (I-6-OI) i
nakraraeriaporenasza (JIAD) [5].

ExcniepuMeHTallbHI  BTpY4aHHS Ta €BTaHa3il TBAPUH NPOBOJAWIMCA 3 JOTPUMAHHAM
MDKHapOJHUX TPUHLIUIIB E€BpOnechbKoi KOHBEHLII HpPO 3aXUCT XpeOETHUX TBapuH, Kl
BUKOPUCTOBYIOTBCSL Ul €KCIIEPUMEHTAIBHUX Ta IHIMX HaykoBux wminei (CrtpacOypr, 1985),
yxBainu [lepmioro HamionansHOro kKoHrpecy 3 6ioetuku (Kuis, 2000).

ExcniepuMenTanbHi nmaHi oOpoOmsun 3a jomomororo makera mporpam Excel. Jlnms oriHkm
BIJIMIHHOCTEH CEpeIHIX BEJIWYMH IPH HOPMAIBHOMY XapakTepi po3Mojaily BHOIPKOBHX
CYKYIHOCTEH BUKOPHCTOBYBAJIM apaMeTpUyHuii t-kpurepiii CThroieHTa.

PE3YJIBTATH TA IX OBTOBOPEHHSI

Binomo, 110 miykpoBuil giabet XapakTepusyeThbcs NOPYLIEHHSIM yCiX BUAIB OOMIHY PEUOBHH 1, B
MepIry 4epry, BYIJIEBOJHOTro. MeTabosiuHl MOPYIICHHS TPH I[yKPOBOMY aia0eTi CpuYuHEH1
OaraTtbMa (hakTOpaMu, cepell SKMX HalO1IbIe 3HAYCHHS Ma€ TPUBaJja rirnepriikemis [6].

SIK cBiguaTh pe3yNIbTaTH MPOBEICHUX AOCIHIIKEHb, akTUBHICTh ['-6-O/II", 0ogHOTrO 3 OCHOBHHUX
eH3UMIB NeHT030()oc(aTHOrO NUIAXY MEPETBOPEHHS TIIOKO3M, 3HU3MIacsa Ha 15,3% y m’s3ax,
8,5% vy meuinui 1 85,9% y mianutyHkoBid 3ano3i mypiB JI'l mopiBHSHO 3 TBapuHAMHU
KOHTPOJIbHOI Tpyn# (Tadm. 1).

Ta6muus 1 — AktuBHicTb [-6-D/II" y TkKaHMHAX 1TypiB, HMOJIB/XBXMT Oinika, (M = m, n = 5)

Txanuna ., . .
Tpyna CkenetHi M 513U [Teuinka [TiguuyHkoBa 3amo3a
KT 37,94+1,67 928,47+36,56 367,16+8,21
Nrl 32,13+2,19 849,55+42,99 51,6£5,41°
Jr2 34,08+1,95 864,3+18,54 141,4+6,26™
N3 41,39+2,53" 888,04+17,65 168,51+9,33"
JIT4 44,30+1,14" 889,22431,71 153,51+0,001%

[MpumiTka: ***p < 0,001 BiporigaicTs moka3HukiB JI'l mopisasHO 3 KI'
##p <0,01; ###p < 0,001 Biporignicts nokazuukis 12, T3, JAT'4 mopieusuo 3 JI'1

AxtuBHicTh JIAI' — eH3UMy KiHIIEBOI JIaHKM TJIIKOMI3y TAaKOX 3HU3WIACHh y mediHni Ha 4% Ta
B MIJIITYHKOBIN 3a1m031 Ha 52,5% y TBapun JAI'] nopiBHsaHO 3 TBapuHamu KI'. [Ipote akTUBHICTD
JIAT' y m’sa3oBiif TkanuHi TBapuH JI'l migBummnacs Ha 46,9% mNOpiBHAHO 3 TBapHHAMU
KOHTpOJbHOI Tpymu (Tabn. 2). BaxmuBa ¢ynkuis JIAIT — me perymsmis chiBBiAHOIICHHS
kizpxocri HAJT i HAJI-H, ocKigbKy came BOHO BILTHBAE Ha HMIBUAKICTh 0AraThOX KaTAIITHYHHX
peakiiii. 3a BIACYTHOCTI KHCHIO y cKeneTHUX M si3ax JIJAIT poOWTh MOXIMBHM OKHCHEHHS
HAJI-H no HAJI" BHacminok mepeTBOpeHHs mipyBary B jaktaT [7]. OTxe, came aHaepOOHHIl
TUIKOJII3 — OCHOBHE JDKEpPEJIO C€Heprii IS CKEJISTHUX M’s3iB, SKI € OCHOBHHM MiCIEM
3HEMIKO/PKEHHS TIFOKO3H IIUISIXOM NEPETBOPEHHSM i1 B IIIIKOTEH [8].

3HIKEHHSI aKTUBHOCTI TIIIOK030-0-hocdaraeriaporenasn i JakTaTaerigporeHasy y TBapHH 3
ELJ{ Moxe 6yTH 3yMOBJIEHO MOPYIIEHHSMHU B TOPMOHAJIbHINA peryiisiii ByTrJaeBOJIHOT0 OOMiHY,
SKUW TepedyBae MiJg KOHTPOJEeM OaraTrbOX TOPMOHIB, OCHOBHHUM 3 SKHX € 1HCYIIH [6].
3a HEeIOCTATHOCTI 1HCYJIHY IOpPYIIYEThCS TEPEHECEHHs TIIIIOKO3M uepe3 HUTOIUIa3MaTHYH1
MeMOpaHU TKAHMH, a TAKOX 3MEHIIYEThCS ii BHYTPIIHbOKIITHHHA yTumizauisa. O1xe, B yMoBax
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HEJOCTAaTHBOI'O 3aCBOEHHS TJIIOKO3M HACTAa€ CHEPreTHYHHMM TOJIOJ, IO  CBOEK YEproio,
MPU3BOJIUTH JI0 TIOCUJICHHS TIIFOKOHEOTEHE3Y, 1 1K HACIIOK — JI0 MMOCHIICHHS rinepriikemii [9].

VY pe3ynbTari NpOBEACHUX JOCIIIKEHb Ha I1ypax, IKUM BHUIIOIOBAJIM MarHid LUTpaT y KUIbKOCTI
100, 250 i 500 mr Mg®"/kr Macu Tina, BCTAHOBJICH] 3MiHH MOKA3HKKIB BYTJIEBOIHOTO OOMIHY B
TKaHWHAX BHYTPIIIHIX OPraHiB.

3a yMOBHM JOJaBaHHS MarHii 1UTpary, akTuBHICTH ['-6-DJII" mocToBipHO 3pocTajia B M’s3ax
tBapud '3 1 AI'4: na 41,1% 1 37,9% BignosigHo, mopiBHsHO i3 TBapuHamu JII'l (tabm. 1).
Boanouac crocrepiranacsi TeHaeHIis 10 3HwkeHHs aktuBHoctTi JIJAI y JAI'2-JIT'4 mopiBHSIHO
3 tBapunamu 3 EIJ[ y AI'1, Ha 7,3%, 22,9% i 28,6% BignosigHO (TabMI. 2).

Ta6muis 2 — AxktuBHicTh JIJII' y TkKaHWHAX IIypiB, HMOJIL/XBXMT O11Ka, (M = m, n = 5)

TxannHa . . .
Tpyna CkeneTHi M 31 ITeuinka ITiqnuryHKoBa 3a1103a
KT 79,31424,03 135,39+3,87 442.82+32.26
Jr'1 116,47+11,53 129,98+2,04 210,49+20,46"
N2 107,93+4,22 158,18+10,22% 483,64433,15™
I3 89,76+2,86 149,74+8,22% 334,3348.5
Jr4 83,1146,92 94,78+5,02" 401,62+24,57"

[Mpumirtka: *p < 0,05 BiporiguicTs nokaszuukis J{I'l nopisusiHo 3 KI'
#p <0,05; ##p <0,01; ###p < 0,001 BiporimHicts mokazaukiB A2, '3, AT'4 mopiersHO 3 AI'1

Bceranosneno, mo 3a aii Marii nurpaty akTtuBHICTH [-6-OJI" y mewinui tBapuna JAI2-/T4
MIPOSIBIIsLIA TEHEHIIII0 10 MIABUIIICHHS MOpiBHIHO 3 TBapuHamu JI'1, Bignosigxo Ha 1,7%, 4,5%
14,7% (tabn. 1). Takox cmin 3a3HauuTH, 110 y TBapuH JAI'2 1 JII'3 3a nogaBaHHs MarHiil nuTpary
JI0 TIUTHOT BOJM CIIOCTEpIrajocs MOCTOBipHE MiaBuieHHsS akTuBHOCTI JIJII' BimmoBimHO Ha
21,7% 1 15,2%, onnak 3umxkenns y J1I'4 Ha 2% mopiBHsiHO 13 TBapuHamu [I'1 (Tabm. 2).

Y B-kmiTHHAX MWANDTYHKOBOI 303U METa0O0IIi3M TJIFOKO3M Ma€ BaXJIMBE 3HAUCHHS IS
perymsmii  cekperii 1HCymiHy. [JII0K03a 3aXOIUTIOETHCS TIIIOKO3HHUMH TpaHCIOpTEpamMu 1
dbochopuitoeTbes i i€ TIOKOKiHA3M 3 reHepyBaHHSIM AT®, skuii € OCHOBHUM PYIIiEM
TIII0KO030-1HAYKOBAHOI cekpellii iHcyminy [8].

Ilpn nponmaBanHi 10 pauiony tBapuH JI2-JII'4 wmarwiii uutpary, axtuBHicTh [-6-OJI y
IIIUTYHKOBIN 371031 10CTOBIpHO 3pocTtana y TBapuH JAI'2 1 JII'4 ctocoBHo tBapun JAI'1 3 ELIJL.
Binmomo, mo cyrreBum daktopom perymsamnii aktuBHocti [-6-OJI" € cmiBBiIHOIIEHHS
NADP/NADPH y kmituni, ockiibki NADPH — cwibHMA KOHKYpEHTHHH I1HTIOITOpP ITHOTO
emsumy [10]. Sk perynstopuuit  ¢epment [-6-OJ" mnepebyBae mix TOPMOHAIBHHUM 1
MeTabomiTHUM KoHTposeM. Cepen OaraTboX TOPMOHIB, Kl PEryNOIOTh akTUBHICTH [-6-DJT,
1HCYNiH ocobmuBo BaxuBHii [11]. Mu cnoctepiranu 3miny aktuBHocTi JIJII' y mianuryHKoBiH
3a1031 TBapHUH: TeHJIEHIIito 10 3pocTanHs (Ha 11%) y AI'3 ta Biporinne 3pocrannsa y A2 1 AI'4
BigHOCHO TBapuH JI'1.

Hopwmanizarisi mOoKa3HUKIB aKTHBHOCTI JOCIIPKyBaHUX €H3MMIB BYTJICBOIHOTO OOMIHY MOXKe
OyTh TOB’s3aHa 3 JOCTATHIM HAIXOIDKEHHSM MAarHil0 B opraHism. Bimomo, mo wMarhii
3QIy4CHUA Y TIPOIECH peryisiii mepemadi CUTHAIIB Biag 1HCYMHY, ¢GochopuiitoBaHHSI
TUPO3MHOBOI KiHA3M IHCYJTIHOBOTO pEIENnTopa, 1HCYJIIH-OMOCEPEAKOBAHOTO MOTIMHAHHS
TII0KO3U KimiTuHaMu [3]. MarHiii MoXe 3MIiHIOBAaTH UYyTJIMBICTh TKaHMH A0 iHCYIIHY HUIIXOM
BIUIMBY Ha 3B’A3yBaHHS IHCYJIHY 3 HOro penenTopaMi, Ha aKTUBHICTh peLenTopa Micis
3B’sI3yBaHHA a00 yepe3 BILIMB Ha BHYTPIIIHbOKIIITUHHY Tiepeaady i 00poOKy curHamis [12].
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BpaxoByroun BuKIafieHe, IEPCIEKTUBH MOJANBIINX JOCTiIKEeHb y I[bOMY HampsMi BOa4aeMo y
BUBYCHHI BIUIMBY MarHiii OUTpaTy sK 3aco0y /AJs TONEpeKEHHS BHUHUKHEHHS YCKJIQIHEHB
IyKpOBOro jia0eTy, W0 JacThb MOKJIMBICTH PO3POOUTH HOBI TepamleBTHYHI 3aco0u i
podLTaKTUKY 1 JTIKYBaHHS [IbOTO 3aXBOPIOBAHHSI.

10.

BUCHOBKH

32  yMOB  eKCHEPHUMEHTAJbHOI'O  I[YKpOBOro  1iabeTy  aKTHBHICTh  IJIFOKO30-6-
docdaraeriporeHasu 3HIKYETHCS B TKAHUHAX MMEYiHKH, CKEJIETHUX M’SI31B 1 MiANUTYHKOBOT
3aJ103M, a aKTHUBHICTh JIAKTATAETIAPOT€HAa3u 3HUXKYETbCS B TKAaHUHAX TMEYIHKH W
MIITYHKOBOT 3aJI031 1 3pOCTAa€ B CKEJIETHUX M’ 5I3aX.

.o . 2+ .
3actocyBaHHsS MarHiid nurtpaty B go3ax 100-, 250- 1 500 mr Mg” /kr mMacu Tijia TPUBOAMTH
70 MIJABUIICHHS TJIOK030-6-pocdaTaeriIiporeHHol aKTHUBHOCTI B TKaHWHAX CKEJICTHHUX
M’s131B, TICYIHKY Ta MiANUTYHKOBOI 3aJI03H1 IIYPIiB.

BceraHoBiieHO 3pOCTaHHS aKTUBHOCTI JIAKTATJETiIPOr€Ha3M B TKAHWHAX MEYIHKH W

HiANUTYHKOBOI 3aI03W Ta 3HMXKEHHS — y CKEJeTHMX M’si3aX ILIypiB 3a BIUIMBY MarHii
. 2+ .

uutpatry B 103ax100-, 250- 1 500 mr Mg~ /kr Macu Tina.
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