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Pe3tome

Beepenue. B HacTosLLEe BpeMS HAa3HA4YeHMe NpenapaTtoB (POSIMEBOI KUCNOThI B NPerpaBuLapHoM nepuofe ABIAETCS aMnmpuye-
CKUM. Hapsagy ¢ CUHTETUYECKO (honneBon KNCNOTO CyLLLECTBYET BOCCTAHOBNEHHAA hopMa (DONUEBOI KUCNOTbl — 5-MeTunTe-
Tparuapodponat (aHrn. 5-methyltetrahydrofolate, 5-MTHF). Mpou3soauTenu aaHHon opmebl 3asensioT, 4to 5-MTHF npeogone-
BaeT MeTabosiMyeckne [AeeKTbl, BbI3BaHHbIE MNOMMMOPGM3MOM B TeHe MeTWUNeHTeTparnapodonaTpeaykrasbl  (aHr.
methylenetetrahydrofolate reductase, MTHFR) ¢.665C>T, B CBA3W C 4eM ero NpUMeHeHne UMEeET NpenMyLLecTBa nepes CUHTeTH-
4eCKO (hONMeBOIl KCNOTON (NTePOUIMOHOMTYTaMUHOBas KucnoTa, MIA). OGHAKO KPYnHbIX UCCef0BaHUiA, MOATBEPKAAIOLLNX
[aHHYI0 TMnoTesy, He MPOBOANIOCS.

Llenb: oLeHMTb BNNAHNE Pa3IMYHbIX NPenapaTtos g)0sIMeBOI KMCOTbI HA NOKa3aTeny MeTUOHMHOBOIO 06MEHa B 3KCNepPUMeHTanb-
HbIX MOZEnAx Kpbic nuHum Wistar.

Marepuanbi 1 meToAbl. [10710B03penbIM camkam Kpbic uHum Wistar 6b110 C03aHO COCTOAHIUE XPOHUYECKOW MMeproMoLnCTenHe-
mun (L) ¢ nomoLLbto eXXeJHEBHON METUOHWHOBOI Harpy3ku. Mocne pasBuTus cocTofHuUA ML 3KcrnepuMeHTabHbIM XUBOTHBIM
geogunu MIA nu6o 5-MTHF. Yactb xuBoTHbIX 63 [TLL Takxxe nonyyana npenapatsl )ONMeBOI KUCIOTbI unu Bogy. B 3 arana
(yepe3 1,2 Hen v 1,5 mec 0T fo6aBneHns ¢)onatos) 6bin BbINOSIHEH 0T6OP NP06 KPOBU C U3MEPEHEM YPOBHA romouucTenHa (M),
KOHLIEHTpauuu chonmeBoi KUCNOTbl B Na3Me U B 9pUTPOLIUTAX.

PesynbTatbl. [1py METUOHWHOBOW Harpy3ke y NoIOBO3PesbIX Kpbic Habnopanock passutue ML, npu koTopom ypoBeHs L 6bin
3Ha41Mo BbiLe (p < 0,05) No cpaBHEHNO CO 3HAYEHUAMM B KOHTPONbHO rpynne. [lo6aBneHne npenapaTos ONMEBON KNCIOTbI HA
(boHe [TLl, BbI3BaHHOI METUOHUHOBON HArpy3KOM, HE MPUBENO K CHKEHUIO KOHLEHTpauun L. Y akcnepuMeHTanbHbIX XXUBOTHBIX,
kotopbiM BBOAUAM TTA unn 5-MTHF, koHUeHTpaums ¢onneBol KUCNOTbl B CbIBOPOTKE KPOBU U 3PUTPOLMTAX He M3MEHANach
C YBE/NN4YeHNeM CpoKa BBeeHMs npenapatos. He ycTaHoBNeHO npeumyLlecTs 5-MTHF nepef CUHTETUYECKON DONMEBOI KUCIIOTO
B OTHOLIEHMK ypoBHA 'Ll n Hakonnenus PONMeBON KUCIOTbI B apuTpouuTax. BmMecto oxungaemoro cHuxkenus yposHsa Ly ML,
MOZener nof AeicTBUEM Uccneayemblx ¢honatos nosy4eH NpoTUBOMONOXHbLIA 3PEKT. Mpn yxxe nMeroLLenca Hedonarsasucu-
Mol XpoHuyeckoii ITL yposeHs I'L| HapacTan oT 1-ro k 3-my arany.

3akntouenue. XpoHuyeckas Hedonarsasucumas ML, BbI3BaHHAA C NOMOLLbIO NOCTOSHHOIO NEpOPanbHOr0 BBEAEHNS METUOHMHA,
KYNnupoBanach y aKCnepumeHTanbHbIX MOAESeN CaMOCTOATENLHO, NPU 3TOM AOMNONHUTENbHOE A06aBNeHNe poaToB CNoco6CTBO-
Bano pocty 'Ll B nnasme KpoBu. Ha akcnepuMeHTanbHbIX MOAENAX KPbIC C HOPMarbHbIM YPOBHEM (DOSTIMEBOI KUCNOTbI B 9PUTPO-
umMTax 6b1110 NOKa3aHo, 4TO J06ABNEHE B PaLOH NpenapaToB hONNeBOoil KNCNOTbI HEe NPUBOANT K ee AaNibHeilLLeMy HakoneHu.
ViccnepgoBaHue He nokasano npeumyiects 5-MTI® nepef CUHTETUHECKON (DONIMEBOM KMUCIOTOW B OTHOLLEHUN CHUKEHUS YPOBHS
'L, B nna3ame KpoBW 1 HaKOMMEHNUs DONNEBOI KUCNOTbI B 3pUTPOLUTAX.

AxyuiepcTBo, I'mHekoAorusa u Pennpoaykiima [PArZESIve LR
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Abstract

Introduction. Currently, folic acid preparations are administered during preconception period in an empirical manner. Along with
synthetic folic acid, there also exists its reduced counterpart 5-methyltetrahydrofolate (5-MTHF). Manufacturers of the latter claim
that 5-MTHF overcomes metabolic defects due to ¢.665C>T gene polymorphism in the methylenetetrahydrofolate reductase
(MTHFR), and therefore it is superior to synthetic folic acid (pteroylmonoglutamic acid, PGA). However, no large-scale studies to
confirm this hypothesis have been conducted yet.

Aim: to assess an effect of various folic acid preparations on methionine metabolism in experimental models with Wistar rats.

Materials and Methods. A chronic hyperhomocysteinemia (HHC) was induced in sexually mature female Wistar rats by daily
methionine supplementation. After HHC development, experimental animals were administered PGA or 5-MTHF. Some animals
without HHC also received folic acid supplements or water. Blood samples were collected at 3 time points (1, 2 weeks and
1.5 months after folate preparation administration) to quantitate level of homocysteine (HC), plasma folic acid and red blood cell
count.

Results. It was verified that HHC developed in mature Wistar rats after methionine supplementation, with HC level being significantly
higher (p < 0.05) than in control group. Use of folic acid supplements during HHC caused by methionine load did not result in lower
HC level. In experimental animals administered PGA or 5-MTHF, blood serum folic acid level and red blood cell count did not
change upon longer drug administration. No advantage for 5-MTHF vs. synthetic folic acid on HC levels and erythrocyte folate
accumulation was observed. Instead of the expected decline in HC level in HHC models related to the examined folate preparations,
the opposite effect was obtained. In case of pre-existing non-folate-dependent chronic HHC, HC level increased from time point 1
to time point 3.

Conclusion. Chronic non-folate-dependent HHC, induced by chronic oral methionine was self-limiting in experimental models;
additional folate supplementation resulted in sharply increased plasma HC level. Experimental models with Wistar rats showed that
no further accumulation of folic acid occurs upon its optimal levels in plasma and red blood cells. The study revealed no advantages
for 5-MTHF over synthetic folic acid in lowering blood plasma HC level and folic acid accumulation in erythrocytes.

Keywords: synthetic folic acid, 5-methyltetrahydrofolate, 5-MTHF, experimental model, folate cycle, hyperhomocysteinemia, HHC
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BBenenue / Introduction

Ha cerogHALIHUA [eHb Ha3Ha4yeHue npenaparos ¢o-
NWUeBOI KNCNOTbI B NperpaBmaapHoM nepuoge sBNsercs
amnupuyeckum. Beibop npenapatoB MOXXET 3aBMCETb OT
aKTUBHOIO BeLLecTBa M A03bl. Hapsgy ¢ CUHTETUYECKOi
(posmeBoil  KUCNOTOM CYLLECTBYET BOCCTAHOB/IEHHAS
thopma honneBo KUCNoTbl — 5-meTunTeTparuapodonar
(aurn. 5-methyltetrahydrofolate, 5-MTHF). Mpown3soau-
Tenn AaHHoil chopmbl 3asaBnatoT, 4to 5-MTHF npeopgone-
BAeT MeTabonmyeckne AedeKTbl, BbI3BAHHbIE MOMUMOP-
tbuamom ¢.665C>T B reHe MmeTuneHTeTparnapodonar-
penykrtasbl (aHrn. methylenetetrahydrofolate reductase,
MTHFR), a notomy ero npumeHeHue WMeeT NpeumyLle-
CTBa Nepej CUHTETUYECKON (DONIMEBON KUCNOTON U ero
CMOMb30BaHNE MOXET 6blTb NEPCOHUAULMPOBAHHBIM

[1-3]. OpHaKo KpynHbIX UCCefoBaHUIA He MPOBOLMIOCS.
Moatomy HasHayeHue npenapata 5-MTHF B HacTosLLee
BpeMs He 060CHOBAHO.

[lokasaHo, 41O npuem ONNEBON KUCNOTbl B [03€
400 MKr 00 3a4atus CHUDKAeT PUCK POXKAEHUS pebeHka
C BPOX[EHHbIM JedheKTOM HepBHOM Tpy6ku (OHT) [4-6].
Mpwn 3aTOM Ha NpoTsXeHUN nocrefHnx 30 NeT XeHLMHbI
BO MHOIMX CTpaHax COrMacHO CyLEeCTBYIOLMM HaLMWo-
Ha/lbHbIM NporpaMmamM noTpe6nsatoT NuLeBble NPoaykK-
Thl, 060raLLeHHbIE CUHTETMYECKOW (hONNeBOoi KMCNOTON
[7]. MHorue uccnefoBaHUs MOKa3bIBAKT, YTO [aHHbIE
HaLMOHAmNbHbIE NPOrpamMmMbl CHU3WUAW PACMPOCTPAHEH-
HocTb [JHT BO BCem mupe [7]. OgHAko B 3TO XXe Bpems
NPOMCXOANII0 COBEPLUEHCTBOBAHME U LUMPOKOE pacnpo-
CTPaHeHne MeTOA0B YNbTPA3BYKOBOr0o M GUOXUMUYECKO-
ro0 CKpUHUMHra, 6narofaps KOTOpbIM CTano BO3MOXHbIM
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B 9KCMEPUMEHTE Ha pasinyHbIX MOLeNsax Kpbic nuHum Wistar

BrnusiHne CUHTETMYECKON N BOCCTAHOBMEHHOW (DOPMbI (DOSIMEBOI KMCNOTbI HA MOKa3aTesin METUOHWHOBOIr0 06MeHa

OCHOBHbIE MOMEHTbI

Y10 yXe u3BecTHo 06 aToin Teme?

» [IBa Hambonee U3y4eHHbIX nonumopdusma B reHe MTHFR —
€.665C>T un ¢.1286A>C ABNAOTCA NPUYNHAMK YMEPEHHOI
runepromouuctenHemun (L) B ycnosusx gedpuumra donue-
BOJ KmcnoTbl. Hopmanuaaums ypoBHA (DOSIMEBOW KWUCNOTbI
Npy AaHHOI NaTONOrY NO3BOASET CHA3UTL YPOBEHb FOMOLIM-
cteuna (F'Ll) B nnasme KpoBm A0 ONTUMASTbHOTO.

» CyLLecTBYIOT CUHTETUYECKas M BOCCTAHOBNEHHA (POPMbI
thoneBon Kucnotel (5-metunterparugpodponar, 5-MTI®).
Mmnotetnyeckn 5-MTI® npeofonesaeTr Metabonmyeckue
nedekTbl, BbI3BaHHbIE nonumopguamom B reHe MTHFR,
B CBSI3W C YEM €ro NpMMEHEHME UMEEeT MPEeMMYyLLECTBA Nepes
CUHTETNYECKOIA (honneBoii KncnoTo. OaHAKo KpynHbIX paboT,
MOATBEPXKAAIOLLNX JAHHOE NPEANO0XKEeHe, He MPOBOANIIOCE.

» Ha npoTskeHnn nocnefHnx 30 NeT XXEHLLMHbI BO MHOTUX CTpa-
Hax COMMacHO HaUMOHaNbHbIM MNpOrpaMmam noTpe6nsoT
MPOAYKTbI, (POPTUDNLMPOBAHHBIE CUHTETUYECKON (DONeEBON
kucnoton. OfHAKO CYLLECTBYHOT OMaceHus Mo noBojy 0TAa-
NEHHbIX  3(D(HEKTOB  HEMETabonn3NpPOBaHHON  (PONIMEBON
KNCOTbI, KOTOPbIE 10 CUX NOP OCTAKTCS Manou3y4eHHbIMM.

Y70 HOBOFO AaeT cTaThA?

» BnepBble NCMOMb3YeTCH 3KCMepUMeHTanbHas MOAENb KpbIC
nuHun Wistar ans OUeHKW BANAHUA NMpUMeHeHUs honneson
KNCNOTbI 1 €6 NPOU3BOAHbBIX HA METUOHNHOBBIA 0OMEH.

» B akcnepumeHTe Ha Kpbicax nmHum Wistar npeumyLyectsa
5-MTT® nepep CMHTETUYECKON (DOSIMEBON KUCIIOTON B OTHO-
LLEHNI CHUKeHNS ypoBHA Ll B nna3me n HakonneHus onme-
BOV KNCNOTbI B 3PUTPOLIUTAX HE 0OHAPYXKEHbI.

P> XpoHuyeckas Hedponaraasucumasn ML, passmeLIascs y aKcne-
PUMEHTanNbHbIX MOAENEN KPbIC MYyTEM MOCTOSHHOrO Nepoparnb-
HOr0 BBEMEHNS METUOHUHA, He KynupoBanach A06aBlEHNEM
(honatoB. HanpoTuB, B [LaHHbIX YCMOBUSX Mbl 0GHAPYXWIN
npupocT ypoBHA 'Ll B nnasme Kposu.

Kak 3T0 MOXET noB/AUATb HA KNMHUYECKYH) NPAKTUKY

B 0603pumom byaywem?

» OueHKa (honaTHOro cratyca nepej Ha3Ha4yeHWem pPasnnyHbIX
thopm (honatos, BO3MOXHO, ABMSETCA HEOOXOAUMbIM Mepo-
npusTuem ang n3bexaHns n3bbITO4HOr0 HAKOMNEHNUS osne-
BOW KUCNOTbl B OpPraHn3me, a Takxxe He6naronpyuaTHoOro Bms-
HUS HA METaBONINYECKNE CUCTEMbI XKEHLLIMH.

» XpoHuyeckas Hedponar3asucumas ymepeHHas [TLl Tpebyer
[IeTaNlbHOr0 MccneaoBaHns honaTHoOro cratyca U 06pasa XusHu
XKEHLLWH BO 136eXaHNe N3NNLLIHEro Ha3HaYeHns honaTos.

» B Hallem 3KcrnepumeHTe 6bIN10 NM0Ka3aHo, YTO Ha (hOHE OMTu-
MalibHOro nuTaHus Kpbic nuHUM Wistar npu go6asneHumn
(honatoB HakonieHns OSIMEBOI KWUCNOTbl B 3pUTPOLMUTAX
1 nnasme KpoBW He npoucxoant. ®opTudmkaums npoLykTos
CUHTETUHECKOI (DONNEBOI KMUCITOTON, BOSMOXHO, UMEET Heof-
HO3Ha4Hble 3 PEKTbI.

AxyuiepcTBo, I'mHekoAorusa u Pennpoaykiima [PArZESIve LR

CBOEBPEMEHHOE BbISIBNEHIE BPOXAEHHbIX MOPOKOB pas-
BUTUS NI0AA W NMpepbiBaHne 6EPEMEHHOCTU HA PaHHUX
cpokax. BoamoxHo, ponb ¢o51aToB B CHUXeHUM JHT He-
3aCNy)XEHHO npeyBenuyeHa. bonee TOro, CyLecTBYHOT
onaceHuns no noBofy OTAAneHHbIX 3MEKTOB HeMeTabo-
NN3NPOBAHHON PONNEBOI KMCIIOTbI, KOTOPbIE O CUX MOP
0CTalTCA Manon3yyeHHbiMm [8-11].
MTepounmoHornytamMmuioBas kucnota (MFA) — ato
CUHTETHYeCKas hopma (honaTos, KOTOPas OTNNYAETCSH OT

What is already known about this subject?

» Most studied polymorphisms in MTHFR gene, ¢.665C>T and
c.1286A>C, cause moderate hyperhomocysteinemia (HHC)
in folic acid deficiency. Normalizing folic acid level in this
pathology normalizes plasma homocysteine (HC) to the opti-
mal level.

» There are synthetic and reduced folic acid (5-MTHF) counter-
parts. Hypothetically, 5-MTHF overcomes metabolic defects
caused by MTHFR gene polymorphism, therefore, its use has
advantages over synthetic folic acid. However, no large-scale
studies have been carried out to confirm this assumption.

» Over 30 years, women in many countries consume foods forti-
fied with synthetic folic acid according to national programs.
However, there are concerns regarding long-term effects
linked to unmetabolized folic acid, which remain under inves-
tigated.

What are the new findings?

» For the first time, an experimental model with Wistar rats is
used to evaluate folic acid supplements and its derivatives on
methionine metabolism.

» The experimental model with Wistar rats showed no advan-
tages of 5-MTHF over synthetic folic acid in lowering HC level
in plasma and folic acid accumulation in erythrocytes.

» Chronic non-folate-dependent HHC developed in experimental
rat models by chronic oral methionine was not reversed by
folate supplementation. Conversely, we found that HC level
increased in blood plasma.

How might it impact on clinical practice in the foreseeable
future?

» Assessing folate status before using different folate
preparations may be necessary to avoid excessive
accumulation of folic acid and adverse effects on female
metabolic systems.

» Chronic non-folate-dependent moderate HHC requires a
detailed study of the folate status and proper women’s lifestyle
to avoid unnecessary folate administration.

» Our experimental model showed that optimal nutrition of
Wistar rats and addition of folates did not result in folic acid
accumulation in erythrocytes and blood plasma. Fortification
of foods with synthetic folic acid may exert mixed effects.

eCTECTBEHHbIX (hONATOB HEBOCCTAHOBMEHHbIM MTEPUAN-
HOBbIM KOnbLOM. A 1Cnonb3yeTcs B Ka4ecTBe MULLE-
BOV [06aBKKU Wnn AN 060ralleHnsi OCHOBHbIX MpPOMyK-
TOB NuTaHus. CMHTETMYeCKas onnesas KUCNoTa B HOp-
Me abcopbupyeTcs B KULLEYHWKE M NOCTYNaeT B KPOBb
B Buae 5-MTHF [12, 13]. C nomoLLbl0 cneunanbHbIX ne-
PEHOCYMKOB — CBSI3aHHOr0 C MPOTOHOM TpaHcnopTepa
thonaros (aHrn. proton-coupled folate transporter, PCFT)
SLC46A1 1 aHMOHOOOMEHHMKA C MOHKEHHBIM COAEPXKa-

m http://www.gynecology.su
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HUem chonuesoit KucnoTel (aHr. reduced folate carrier 1,
RFC1) SLC19A1 — chonaTbl nonagaroT B KIETKU KULLEY-
Huka [14]. bbiNno nokasaHo, 4T0 B NiasMe KpPOBU BbisB-
NSeTC HeM3MeHeHHas (bonueBass KUCNoTa B A03€ CBbl-
we 300 mkr [15], koTOpas 66ICTPO BLIBOAUTCA MOYKAMM.
OfHaKo 3a Nepuoj CBOEro HaXOXAeHUs B KPOBEHOCHOM
pycne CcuUHTeTUYeckas (ponuesass KucrioTa MnocTynaer
K knetkam. Kak u 5-MTHF, MI'A npoHunKaeT B KNeTKu ny-
TEM 3HOOLMTO3A MpU yyacTuu cneuudomyeckmnx dponar-
HbIX peLenTopos [16].

B npouecce 3putponoasa B KpacHOM KOCTHOM MO3-
re B KNETKax 3puUTPOMIAHOr0 psida TpaHcnopT ¢onaTtoB
peann3yetcs 4Yepe3 (PONaTCBA3bIBAOLWNIA 60K (aHrm.
folate binding protein, FBP) n RFC1-Tpaxcnoptep (aBy-
HanpaBneHHbIi MeXaHU3M aHTUNopTa aHuoHos) [17].
KoHLeHTpaums ponueBon KMCNOTbl B 9pUTPOLUTAX MO-
)KET CBMIETENbCTBOBATb O CTEMEHU HACLILLEHHOCTU Op-
raHn3ma cponaramu [18].

Ecnn 5-MTHF ectecTBeHHO BHefpseTcs B MeTabosu-
YECKUA LMKN (DONATOB M CNYXUT LOHOPOM METWIIbHbIX
rpynmn, T0 CUHTETMYecKas (PosineBas KMCnoTa He MOXeT
OblTb BOBJIEYEHA B (DONaTHbIA LUMKN. OQHAKO B KNeTkKax
MrA npespauwaetcs B auruapodonar, uHruéutop dep-
MeHTa, onocpeaytoLLero npespatieHue 5,10-meTuneHTeT-
parngpocponara (aHrn. 5,10-methylenetetrahydrofolate,
5,10-MTHF) B 5-MTHF, koTOpbIii HEO6X0AMM [LNf BOC-
cTaHoBnieHus romouuctenHa (ML) B metnoHuH [19]. Ta-
KUM 06pa3om, n36bITOK (DOSIMEBON KUCNOTbI NPUBOAUT
K YaCTUYHOMY CHIDKEHMIO MeTab0/in3ma 3HLOreHHbIX
(h0naToB, CHMKEHUIO CUHTE3a METUOHIHA W MOBbILLEHUID
ypoBHA 'Ll, KOTOPbIA 0TYACTM paccMaTpPUBAETCS Kak KOC-
BEHHbIN nokKasaTenb paboTbl ponatHoro yukna [20].

[Tpenapartbl, pa3paboTaHHble Ha ocHoBe 5-MTHF, no-
CTYNatoT B K/IETKWN OpraHn3mMa B BOCCTAHOBMEHHOW (pop-
Me B OT/IMYME OT CMHTETMYECKOM (DOSIMEBOM KMCOTbI.
MpennonoxutensHo, nob6askn S5-MTHF 3adyeKTuBHbI,
HE3aBUCUMO OT HanUyus y nauueHTa roMo3uroTHOro
WWnu reTeposnroTHoro reHotuna 677C—T nonumop-
mama MTHFR. B cBa3u ¢ atum 5-MTHF mMoXeT cTaTh
MOJIHO anbTepHATMBON KOppekuun honatHoro craryca
BO BPeMs GEpemMeHHOCTH, ecny NpeumyLLecTBa 4aHHOIo
npenapara 6yayT foKasaHbl [2].

Ha cerofHALWHWIA OeHb TUNEepProMoLMCTeNHOBbLIE MO-
Oenn KpbIC WCMONb3YKTCA ANS OLEHKM TOKCUYECKOro
apdpekTa L. Koppekums cocTosHWUS runeproMoLucTen-
Hemun (L) B aKCnepUMeHTabHbIX MOAENAX Pa3NNYHbI-
MW dhopmamu (PONNEBOI KNCNOTbI B HACTOALLEE BPeMs
aKTUBHO M3y4aeTcs.

B HacToswlee Bpems cocTosHue [TL, B 9KkcnepumeHTanb-
HbIX MOZENAX CO3[ABTCA C NOMOLLbI AechuuuTa PonaTos
(TpaHCreHHble XXUBOTHbIE, HEAOCTATOK MOCTynneHus go-
NaTtoB C NuLLen) uim 6e3 ux geduumnrta (BBeJeHne MeTmo-
HUHA, ['Ll, AecpnuuT gpyrux BUTaMUHOB rpynnsl B) [21-23].

Llenb: oUEHNUTL BNNAHME PaA3/NYHbIX MpenapaTtos ¢o-
NNEeBOI KUCNOTbI HA MoKasaTenn MEeTUOHUHOBOIO 06Me-
Ha B 9KCMEepUMeHTaNIbHbIX MOAENAX KpbIC NuHUK Wistar.

Marepuansl 1 MeToabI / Materials
and Methods

B aKcnepuMeHTanbHbIX MOLESbHbIX UCCNef0BaHUsAX
coctosiHue [TLy KpbIC 6bIN10 CO3[1aHO C NOMOLLbIO METNO-
HUHOBOII Harpysku [23].

JdKkcnepumeHTanbHble X1BOTHbIE / Experimental animals

JKCNepuMeHTbI 6bINN BbIMONHEHbI HA 36 NONOBO3pe-
NbIX Kpbicax-camkax nuHum Wistar maccoit 150-200 r.
K1BOTHbIE COfepXXannch B BUBAPWUM C UCKYCCTBEHHOIA
BEHTUNALMEA N KOHTPONUPYEMbIM CTaHAAPTHbIM CBETO-
BbIM pexumom (12 4 cBeta — 12 4 TEMHOTbI), NOJyHanm
CTaHLAPTHbIA 1260PATOPHBIA KOPM  (MOSIHOPALMOHHbII
kombukopm, peuent MK-120, FOCT 34566-2019, 000
«[TpoBumm», Poccns) n Bogy.

KnBOTHbIe ObINK pa3feneHbl Ha 6 rpynn no 6 XWBOT-
HbIX B KOXLOW rpynne: rpynna 1 (KOHTPOMbHAA) — cam-
KW KpbIC, KOTOPbIM €XEAHEBHO B Te4eHue 2,5 Mec ne-
popasnbHO Yepe3 30HA BBOLMAW BOLY; rpynna 2 (MeTuo-
HUHOBAsA) — CaMKW, Y KOTOPbIX CO3[aBanu 3KCMepuMeH-
TanbHyto ML nyTem exeaHEBHOro O4HOKPATHOro nepo-
panbHOro BeeAeHns 4epe3 30HA 0,15 % BogHOro pac-
TBOpa L-MeTnoHMHa B o036 0,6 r/Kr Macchbl XWBOTHOrO
B 11 vacoB uupkagnanHoro Bpemenun (LIB) B TeyeHue
2,5 mec; rpynna 3 (rpynna MLU+MTA) — camku ¢ meTno-
HUHOBOW W (PONATHOI HArpy3Koi, KOTOpPbIM cnycTa 1 mec
0T Hayana npuemMa MeTWOHMHA Hayanu BBOAUTb OLHO-
KPATHO eXXe[JHeBHO nepopanbHo vepes 30HS [1MA B fo3e
20 MKI/Kr maccbl >XMBOTHOro B 5 yacoB LIB B TeyeHue
1,5 mec, ¢ npopomxkeHnem BeegeHus 0,15 % BoAHO-
ro pactsopa L-meTumoHuHa exeaHeBHo B 11 4acos LIB;
rpynna 4 (rpynna IMTL+5-MTHF) — camkn ¢ METMOHUMHO-
BOW 1 (ponaTHOM Harpy3Koin, KoTopbiM cnycTd 1 mec o1
Hayana npmeMa MeTWOHWHA Ha4yanu BBOAMTbL OJHOKpAT-
HO €XeAHeBHO nepopasnbHo Yepes 30HA 5-MTHF B nose
20 MKI/Kr maccbl XXMBOTHOr0 B 5 4acoB LIB B TeyeHue
1,5 mec, npu atom npogomkanock seegeHue 0,15 % Boa-
HOro pacTBopa L-meTuOHUHA exeaHeBHO B 11 vyacos LIB;
rpynna 5 (rpynna rA) — Mogens ¢ ponaTHoi Harpy3Kom,
CaMKu, KOTOPbIM BBOAMMN OLHOKPATHO €XeAHEBHO Me-
popanbHOo 4Yepes 30HA MMA B 0036 20 MKI/KF Macchbl Xu-
BOTHOTO B 5 4acos LIB B Te4eHune 1,5 mec; rpynna 6 (rpyn-
na 5-MTHF) — mogenb ¢ ¢onaTHOW Harpy3koi, Camkm,
KOTOPbIM BBOAWUNN OAHOKPATHO €XXeHEBHO NepopanbHo
yepes 30H4 5-MTHF B 103e 20 MKI/KIr Macchl XUBOTHOr0
B 5 yacos LIB B TeyeHue 1,5 mec (Tabn. 1).

OTt60p Np06 KPOBM y BCEX rpynn npoxoamn B 3 atana:
Ha 112-i1, 119-i1, 160-i AeHb NOCTHATANILHOIO PA3BUTMS —
yepe3 112 Hepd u yepe3 1,5 Mec OT Havana BBeAeHUs go-
NaToB COOTBETCTBEHHO (puc. 1).

MoaroToBka u aHanu3 Nnasmbl U 3PUTPOLUTOB KPOBM /

Plasma and erythrocyte preparation and analysis
LlenbHas kpoBb cobupanach B 5 4acos LB, T. e. ye-

pe3 18 4 oT mocneaHero BBeAeHUS METMOHWUHA W Yepes
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BrnusiHne CUHTETMYECKON N BOCCTAHOBMEHHOW (DOPMbI (DOSIMEBOI KMCNOTbI HA MOKa3aTesin METUOHWHOBOIr0 06MeHa

B 9KCMEPUMEHTE Ha pasinyHbIX MOLeNsax Kpbic nuHum Wistar

Tabnuua 1. Xapaktepuctuka akcrnepyumeHTanbHbIxX rpynn.

Table 1. Characteristics of experimental groups.

Ipynna Bopa
Group Water

MeTuonut B 11 yacos LB
Methionine at 11 o'clock CT

MrA B 5 yacos L|B
PGAat 5 o'clock CT

5-MTI'® B 5 yacos LiB
5-MTGF at 5 o'clock CT

[pynna 1

Group 1 + -

pynna 2

Group 2 - +

pynna 3
Group 3

Cocrosinue
+ - ry
HHC state

lpynna 4
Group 4

[pynna 5
Group 5

lpynna 6
Group 6

P75 P105 P112

\

P119 P160

BBegeHne MeTUoHUHA

eXeaHeBHO 2,5 mMecsla

rpynnam 2, 3, 4 1 Boap!
rpynne 1

2.5 month-long administration
of methionine daily in group 2,
3, 4 and water in group 1

Beepenue dronatos
eXeaHeBHO rpynnam 3,4,5,6
1 NPOAOIKEHME BBEAGHNS
MEeTUOHWHa rpynnam 2, 3, 4

Administration of folate daily
in group 3, 4, 5, 6 and
continued administration
of methionine in group 2, 3, 4

PMBVHUK 1. OCHOBHble 3Tankbl 3KCnepumeHTa.
Tpumeyanme: P — nocTHaTanbHoe passuTne, JHU.

Figure 1. Major stages of experimental model.
Note: P — postnatal development, days.

24 4 nocne BBefeHMS (DONATOB, U3 [IECHbI B MPOBUPKN
¢ K3-3TA nns nocnefyowero 1ccnegoBaHus ypoBHs
thonunesoi KncnoTbl B aputpoumTax (rpynnel 1, 5, 6). 3pu-
TPOUMTbI BbIAENANN MyTEM LEHTPUAYrMpoBaHus B Teve-
Hue 10 muH npn 2000 g. Ocaaok ¢ KNeTkamu NepeHocuncs
B NPO6UpPKY ¢ 6ap6utanosbiM 6ydepom (500 mki) — pac-
TBOp DGVB** (aHrn. Dextrose Gelatin Veronal Buffer, Ca*,
Mg?): 2,5 MMOMb/N HaTPUI-6ap6uTanosbIi 6ydep (pH =
7,35), cogepxawimin 71 mmons/n NaCl, 150 mmonb/n rnto-
ko3bl, 1,0 mmons/n MgCl,, 0,15 mmone/n CaCl,, 0,05 %
)KenaTuHa. ApuUTPOLMTApHY0 Maccy OTMbiBann 6apbuta-
noBbIM 6ydhepom 2 pasa, fanee 0AHYy 4acTb pecycneHam-
posanu B Millipore H,0 ans uccnefoBaHus KonuyecTsa
aputpountoB. Mpn A = 541 HM M3MepANM ONTUYECKYH
nnoTHoCTb (aHrn. optical density, OD) nony4eHHoro nuaa-
Ta aputpoumtos (0D = 0,37 cootsetcTBoBano 1x10° apu-
TpoumuToB/Mn). OCTaToOK ApUTPOLUTAPHON Macchl B 6apou-
Tanosom 6ydepe, a TakXKe nia3my KpoBu 3amMOpXMBau
npu Temneparype — 80° go nccnegosauusd. locne pasmo-
PO3KMN B IPUTPOLMTAPHON Macce U3Mepsn COLepXKaHue
(honmeBoi KUCNOTbI C MOCIEAYIOLM PacHeTOM KOHLEH-

\

0T60p Np0O6 KPOBM Y BCEX rpynn B 3 aTana.
MpopomxeHne BBEAEHNS HONATOB U METUOHIMHA

Three-stage blood sampling in all groups. Gontinued
administration of folate and methionine

TpaLumu onnesoit KNCNoTsl B MMosb/10° aputpouuTos. B
niasme KpoBM TaKXe OLeHMUBanu yposeHb Ll n donue-
BOi Kucnotbl [24]. MccnefoBanue 6b110 BbINOHEHO HA
npu6ope Architect (Abbot, lfepmanns).

Jdtndeckue acnektbl / Ethical aspects

Bce paboTbl ¢ nabopaTopHbIMU XKUBOTHLIMU 0[106-
peHbl aTuyeckum komutetom HUN OTBHY HWUI AluP
um. 0.0. OtTa (npotokon Ne 88 ot 08.12.2017) u BbI-
MOSMHANKUCL B COOTBETCTBMM C MPUHUMNAMU TYMAHHO-
CTW, U3NOXEHHbIMU B AUPEKTMBE EBpOneickoro cowsa
Ne 86/609 EC n EBponeiickoii KoHBeHLMM O 3aLiuTe No-
3BOHOYHbIX XNBOTHbIX, UCMONb3YEMbIX N1 3KCNEepPUMEH-
TOB WA B MHbIX HAay4HbIX Lenax (Ctpacoypr, 18.03.1986)
ETS Ne 123, n nonoxeHusimu XenbCUHKCKON AeKnapaLuu
BcemupHon MeanUMHCKOW accouuauum 0 ryMmaHHOM OT-
HOLIEHWUM K XUBOTHbIM (2000).

Cratuctuyeckuii ananu3 / Statistical analysis

Ctatuctmdeckas 06paboTKka MONMYYEHHbIX AaHHbIX
NpoBefieHa C WCMONb30BaHWEM nporpammbl Statistica

m http://www.gynecology.su
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10.0 (StatSoft Inc., CLUA). [daHHble npeAcTaBfieHbl
B BuAe meguanbl (Me) n WHTEPKBAPTUNLHOTO WHTEPBA-
na (Q;-Q3). Ha ocHOBaHMW OLIEHKW HOPMaNbHOCTW pac-
npefeneHns NPU3HAKoB N1 CPaBHEHUS BbIGOPOK Obinn
npumeHeHbl H-kputepuin Kpyckana-Yonnuca n U-kpute-
puint ManHa-YutHu. [N BbIABIEHMA HANpPaBlieHUs KOp-
PENSLMOHHbIX CBA3EI ObIN UCMONb30BaH KO3 DULNEHT
CnupmeHa. Pasnuyus cyutann CTaTUCTUHECKM 3Ha4u-
MbIMK nipn p < 0,05.

Pe3ynbprarsl / Results

bbino nokasaHo, 4TO B rpynne KOHTPONS KOHLEHTpa-
ums 'l B nnasme 6bina conocTaBuma Ha Bcex 3 aranax
oT6opa KpoBu. lpn METWOHWHOBOW Harpyske y mnoso-
BO3PENbIX CaMOK-KpbIC (rpynna 2) Habnto[anoch passu-
Tne ITL, npn KoTopoit ypoBeHb 'Ll 6611 3HAYMMO BblLLE
(p < 0,05) no cpaBHEHMIO CO 3HAYEHMAMU B KOHTPOJILHOM
rpynne (tabn. 2). Ha 2-m artane pasnuyus Mexay AaH-
HbIMW TPYNNamMy 0Ka3anuchb CTaTUCTUHECKN 3HAYUMbIMN
(p < 0,05). CyLiecTBeHHbIX pa3nuyuit B conepxaqmn I
mexay rpynnamm 3 n 4 (C METUOHWHOBOW W (DONIATHON
HarpysKoi), a Takxxe Mexay rpynnamu 5 u 6 (¢ conart-
HOW Harpy3koi) 06HapYy>XeHo He 6blno. B CBA3M C 3TUM
COOTBETCTBYIOLLIME FPYNIbl ObIIN 06bEANHEHDI.

KoHueHTpauma L y rpynnbl 2 ¢ METMOHMHOBOW Ha-
rPy3Koi HapacTana oT 1-ro Ko 2-My atany W CHUXanachb
K 3-My 3Tany no4TM A0 HOPMaNbHOr0 ypoBHA. Ipynnbl
C METMOHWMHOBOI M (hONATHOM Harpy3koi (rpynna 3+4)

Ta6nuua 2. CofepkaHne roMmouycTenHa B nnasme KPoBu.

Table 2. Assessing blood homocysteine level.

WMENN NPOTMBOMONIOXHBIA PE3ynbTaT: KOHLEHTpaLus
'Ll nocnenosatenibHO Bo3pacTtana ot 1-ro Kk 3-my atany.
MoBbilWeHHbIA ypoBeHb L] B rpynne 3+4 no cpaBHEHUIO
C rpynnoii 5+6 Ha BCEM MPOTSKEHUMN 3KCNEPUMEHTa YKa-
3bIBAET Ha OTCYTCTBUE NpefoTBpaLLleHuns coctoaHmsa ML
nofp aenctauem cponatos. pu aTom yposeHb 'Ll B rpyn-
ne 5+6, a TaKXXe OTAENbHO B rpynnax 5 u 6 He oTnnyasncs
OT ero 3Ha4eHmil B KOHTPOJIbHON rpynne.

MMpu OLEHKe YPOBHS (DOSIMEBOI KMCIIOTbI B CbIBOPOTKE
KDPOBW CTATUCTMYECKN 3HAYMMbIX PA3NMYNi MeXIy rpyn-
namu Ha Bcex 3 atanax He 06HapyXeHo (Tabn. 3). 3Ha-
YMOr0 HaKomnieHns ¢OoNMeBoi KUCIOThbl B Nna3Me He
HabMl04anoch, 0TMEYeHa NNWb TEHOEHUMA K ee MOBbl-
LWEHN0 K 3-My aTany uccrefosanus. bbina o6HapyxeHa
NOJIOXKNTENIbHAA KOPPensuns Mexay YpoBHeM dhonue-
BOVl KICNOTbI B M1a3Me KPOBU W ee COflepXXaHneM B 3pu-
TpouuTax (r, = 0,83; p < 0,05).

B Hawem uccnefoBaHuM Mbl U3MeEPSNN (DONUEBYIO
KucnoTy B aputpoumtax y rpynn 1, 5 u 6, npu 3tom 3Ha-
YUMbIX OTAWUYMIA YPOBHA (DOSIMEBOI KUCNOTLI B 3pUTPO-
umuTax B rpynnax 5 u 6 ot rpynnbl KOHTPOJIA TaKXe He 06-
Hapy>XeHOo Ha BCeM NPOTSHKEHMN 3KCnepumeHTa (Tabn. 4).

B KOHTPONbHOI rpynne KOHUeHTpauus omeBon Kuc-
NOTbl B 3PUTPOLIMTAX HA BCEX dTamax OCTaBanacb B Mnpe-
Jenax HopMasnbHbIX 3Ha4eHUIA 1 He MeHsanack. B rpynnax
5 1 6, kotopbiM BBOAMNKM [TTA 1 5-MTI® COOTBETCTBEH-
HO, KOHUEHTpauusa (onnesoil KUCNoTbl Gblia CONOCTaBu-
Ma C TaKOBOW B KOHTPOJSIbHOW rpymnne, U pocta nocnej-
Heil He npoucxoamno. CTaTMCTUHECKN 3HAYUMBbIX pasfn-

CopepxaHue romoLUCcTENHA, MKMOJb /N
3 Homocysteine level, pmol/L
s{?"" Me [0,-Q;]
. Ipynna 1 Ipynna 2 Tpynna 3+4 Ipynna 5+6
Group 1 Group 2 Group 3+4 Group 5+6
1 2,45 [1,75-3,72] 3,74 [3,085-5,21] 6,13 [4,49-9,49]*# 2,712,18-3,2]
2 2,13 [1,97-3,36] 15,44 [6,55-23,86]* 16,21 [8,29-27,13]*# 2,4 [2,24-2,64]
3 3,34 [2,9-4,6] 5,59 [5,15-12,14] 18,64 [9,85-30,68]* *# 5,4 [4,54-5,69]

Tpumeyanne: *p < 0,05; **p < 0,01 — pasanqus cTatncTnyecku 3Ha4nMMsl 10 CPABHEHNIO ¢ rpynnoi 1; #p < 0,05 — pasnn4ns CTaTUCTUHECKM SHAYUMBI 10
CPABHEHNIO C rpynnov 5+6.

Note: *p < 0.05; **p < 0.01 - significant differences compared to group 1; #p < 0.05 — significant differences compared to group 5+6.

Tabnuua 3. CoagepxxaHue DONMEBOI KUCNOTbI B N1a3Me KPOBU.

Table 3. Assessing blood folic acid level.

Copepxanue honueBon KUCNOTbI, HMONb/N
3 Folic acid level, nmol/L
StTaa'L Me [Q,-Q,]
g I'pynna 1 I'pynna 2 Ipynna 3+4 I'pynna 5+6
Group 1 Group 2 Group 3+4 Group 5+6
1 76,2 [65,88-99,6] 55,38 [47,77-78,14] 71,95 [68,8-113,08] 59,84 [58,12-70,36]
2 81,83 [64,2-82] 55,24 [51,72-76,04] 57,80 [32,92-69,54] 67,42 [42,32-71,4]
86,48 [84,57-86,92] 124, 04 [81,62-140,94] 103,61 [71,76-140,88] 106,76 [87,28-109,36]
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BrnusiHne CUHTETMYECKON N BOCCTAHOBMEHHOW (DOPMbI (DOSIMEBOI KMCNOTbI HA MOKa3aTesin METUOHWHOBOIr0 06MeHa
B 3KCMEPUMEHTE Ha pasnnyHbIX MOAeNnsx Kpbic nuHun Wistar

Tabnuua 4. CogepxxaHue pONMeBON KUCNOTbI B APUTPOLATAX.

Table 4. Assessing erythrocyte folic acid level.

Copepxanune honueBoil KUCNOTbI B 3pUTPOLMTaX, nMonb/10° kneTok
Erythrocyte folic acid level, pmol/10° cells

3ran Me [Q,-Q;]
Stage
Ipynna 1 Ipynna 5 I'pynna 6
Group 1 Group 5 Group 6
1 0,78 [0,63-0,86] 0,78 [0,78-0,88] 0,65 [0,47-0,69]
2 0,81 [0,67-1,0] 0,70 [0,61-1,17] 0,64 [0,58-0,80]
3 0,72 [0,72-0,82] 0,68 [0,61-0,84] 0,73 10,61-0,86]

AxyuiepcTBo, I'mHekoAorusa u Pennpoaykiima [PArZESIve LR

4uii B ypoBHE (DONMEBOII KNCNOTbI B 3pUTPOLIUTAX MEXAY
rpynnamu He Ha6mloAanoch.

O6cy:xknenue / Discussion

Halwe wuccrnefoBaHne He nokasano npevMMyLLecTs
5-MTI® nepef CUHTETMHECKOW (DONMUEBON KUCNOTOM
B OTHOLUEHMW CHWXKeHWs ypoBHA TL, B nnasme Kposu
11 HaKoNeHUs POSIMEBON KMCIOTbI B 3PUTPOLUTAX.

IKCMepUMEHTaNbHbIE JKUBOTHbIE COAEpPXalnCb Ha
cOanaHcpoBaHHOM MNUTaHWUKU, KOTOPOE O06ecneyunBano
HOpPMasibHOe MOCTYMieHne BCeX He0OXOAMMbIX BELLECTB,
B TOM 4ucrie n ¢osimeBoi KMcnoTel. Ha poHe c6anaHcu-
POBAHHOMO HACLILLEHNA OpPraHu3ma BCeMU HEoOX0LMMbI-
MW BUTAMUHAMW 1 MUKPO3INEMEHTAMU OPraHu3m KpbIC
B YC/OBUAX LJIUTESIbHOr0 N36bITOYHOIO NOCTYMIEHNS Me-
TUOHWHA CaMOCTOATESIbHO PerynupoBan BbICOKWUA Ypo-
BeHb 'L cO CHUXeHMEM ero 0 KOHTPOJIbHbIX 3HA4EHWIA.

BmecTo o0xumpgaemoro CcHukeHuss copepxanus L
B Mogensx ML nop peictemem muccnefyemblx pOnaTos
Mbl MOSYYUNU NPOTUBOMNONOXHbLIA 3adpdekT. Tpu yxe
umetowterica ML yposeHb 'Ll HapacTan oT 1-ro K 3-my
aTany ot6opa kposu. MoXXHO NpeanonoXuTb, YT0 MeTa-
6onmyecKune Nyt perynauun koHueHTpauum 'Y npw ML
C Y4eTOM U36bITKa (DONATHOW HArpy3KM O0Ka3blBatoTCS
HeCnoCOoOGHbIMU CHU3WUTL YPOBEHb 'Ll 10 KOHTPONLHOIO,
4TO B LIENIOM He MPOTUBOPEYUT OCOOEHHOCTAM (POsaTHO-
ro LuKna, B KOTOPOM M36bITOK (DOSIMEBON KUCNOTbI NPW-
BOAMT K YBENMYEHUID YPOBHA auruapodhonara ¢ nocre-
AyowmmM nHrnéuposaHmnem MTHFR [19].

BeposTHO, HEKOTOpble TPYNMbl XXEHLMH MOryT nona-
[aTb MOJ HalK YCNOBMSA: XPOHUYECKasa HedosaT3aBucu-
mas [TL. Takum 06pa3om, BOZMOXHO, 4TO JOMOSTHUTENb-
HOe BBeJeHMe (DONaToB MOXXET He6NaronpuaTHO CKasaThb-
€A Ha MeTabo/IM4EeCKO CUCTEME TaKWUX XEHLLMH, U ypo-
BeHb ['Ll 6yneT HapacTaTb BMECTO 0XKMAAEMOr0 CHUXKEHNS.

JKeHLWMHbI BO MHOTUX CTPAaHax COrfacHo CyLlecTBYy-
OLLMM HaLMOHANbHLIM MporpaMmmamM noTpeénsdT nu-
LLeBble NPOAYKTbl, 060raLleHHble CUHTETUYECKONn ¢ho-
NUEBOI KWUCNOTOW. B MpeKkoHUEnuUWOHHbIA nepuos um
TaKXe HasHa4yaetcsa npodounakTuyeckaa posa onue-
BOM KUCNOTbl 6€3 npeaBapuTesibHON OLEHKN (hoNaTHo-
ro craryca [7].

HecmOoTps Ha HOpMasbHbIA YPOBEHb (H0NATOB, CyLLe-
cTByeT cocTosiHme [TL, BbI3BaHHOE ApYrumi haktTopamu,
Hanpumep, CUAAYMA 06Pa3 XNU3HN, U3OLITOYHOE YNOTpe-
OrieHne ankorons 1 KoenHa, KypeHue, HeocTaToK BU-
TamuHoB By, By, 1 D, runoyHKumua WMTOBUAHO XKene-
3bl, MOY€4YHAA HeJ0CTaTOMHOCTL U T. 4. [11].

BeposTHO, dhopTMDUKALMA NPOAYKTOB W AOMONHM-
TeNlbHOEe Ha3Ha4yeHue NPoMUIAKTUHECKOR [03bl onu-
€BOI1 KUCNOTbI B NperpaBmapHbli nepuof 6e3 npeasa-
PUTENbHOM OLIEHKM noKasateneid METMOHMHOBOTO 06Me-
Ha MOXET UMETb P HebnaronpuaTHbIX IPEKTOB, T. €.
BO3MOXHO, MOMOXUTENbHbIA 30DEKT Takoro BMeLua-
TENbCTBA MOXET 0Ka3aTbCA HEOAHO3HAYHbIM.

Haw 3kcneprMeHT nokasas, 4To MoHOLEHHOe nuTa-
HUE KPbIC CMOCOGCTBYET HOPManbHOMY MOAAEPXAHUIO
YPOBHS (DOSIMEBON KUCNOTbl B 3pUTPOLMTAX, U JOMOHU-
TeNbHOE BBEeHUN (DONATOB He NPMBOAUT K POCTY ee Co-
nepxaHus. OfHaKo y Noen B KPOBM 0OHAPYXEHA HEME-
Tabonn3npoBaHHas hoNimeBas KUCoTa, KoTopas MOXeT
HaKanIMBaTtbCs B OpraHu3me, U 3geKThbl ee [0 CUX Nop
Manou3BecTHbl [8-11].

OueHka ghonatHoro crartyca nepef Ha3Ha4eHUem pas-
NNYHBIX hopM DONaTOB, BO3SMOXHO, SBNSETCA HEO6X0-
AUMbIM MeponpuaTMeM Ans M36exaHus U36bITOYHOro
HaKOMJeHNs DOSINEBOI KUCIIOTbl B OpraHu3me, a Takxe
He6MaronpuATHOrO BNIMSIHUA HAa MeTabONYecKne cucre-
Mbl YKEHLLWH.

3axmrouenue / Conclusion

XpoHnyeckas Hedponarsasucumas L, BbI3BaHHas ¢
MOMOLLbIO MOCTOSHHOTO MEPOPanbHOro BBEAEHUS METU-
OHWHA, KynupoBanacb y 9KCMepUMeHTaNbHbIX MOAeNel
CaMOCTOATESIbHO, NMPU 3TOM JONOJHWUTENIbHOE [o6aBrie-
HUe dhonaToB cnoco6¢cTBoBaNo pocTy 'Ll B nnazme KpoBu.

Ha akcnepumMeHTanbHbIX MOAENAX KPbIC C HOPMaSbHbIM
YPOBHEM (PONNEBOI KNCNOTbI B 3pMTPOLMTAX ObIN0 NOKa-
3aHO, 4YTO J00aBfeHNe B PaUMOH npenapaTos qoonneBsoii
KWUCNOTbI He NPUBOANT K €€ AanbHeiLLeMy HaKONMEHuo.

ViccnenoBaHue He nokasano npeumyuiects 5-MTId
nepef CUMHTETMHECKON (DOSINEBOI KUCNOTON B OTHOLLE-
HUM CHUXeHUs ypoBHA L, B nnasme KpoBM W Hakomnse-
HUSA DOSIMEBON KNCIOTbI B 3PUTPOLMTAX.
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