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Tagxukmucran

B 0630pe nuTepaTypbl paccmMaTpUBatOTCA AaHHbIE COBPEMEHHDBIX OTEYECTBEHHbIX U 3apyDBesHbIX aBTOPOB, KOTOPbIE B Pa3Hble rofbl NPOBOAU/N UCCe-
[,0BaHuA B 061aCTH U3y4eHUs Poan GONMEBOI KUCIOTbI B OPraHU3Me YeN0BEKa, 0COBEHHO Y KeHLWH PenpoayKTUBHOrO nepuoga. NposeaéH aHanus
nccnef0BaHUii No oLeHKe BAUAHWA aeduumta GonmeBoit KUCAOTbl U GoNaToB Ha opraHoreHes, GOPMMPOBaHME MALLEHTbI, PAa3BUTME TAKMX TAKENbIX
OC/IOKHEHWIA GEePEMEHHOCTH, Kak NpeXAeBpeMeHHas OTC/0MKa HOPMA/IbHO PACMO/OKEHHOW NAALEHTbI, CAMOMNPOU3BO/bHbIE BbIKMABILIW, 3a4ePHKKa
BHYTPUYTPOBHOrO Pas3BuTUsA NA0A], NPeaknamncus; GopmM1poBaHUe y NA0AA BPOKAEHHBIX BHYTPUYTPOBHBIX MOPOKOB PAa3BUTUA CEpPAEYHO-COCYAM-
CTO, HEPBHOM, 3PUTENBHON U CKENETHO-MbILLEYHOW CUCTEM. BbII0 YCTAHOBNEHO, YTO MPU TMNEPTOMOLUCTEMHEMUN 3HAUUTENBHO MOBLILLAETCA PUCK
pa3snTUA OC/IOKHEHUM Y XEeHLWH B nepnos rectaymm ¢ KOMNOHEHTAMW KaCKa4HOro camoycuneHusa. B cBa3smc 3TUM, NPU NNAHUPOBAHNU 6epemeHHo-
CTU PEKOMEHAYETCA Y BCEX MKEHLMH MCCNE[0BAT NOKAa3aTeNM KOHLEHTPALMK romoumcTenHa. HeobxoanMmo Takxke B 06s3aTeNbHOM NOPAAKe UCCaeso-
BaTb NOKA3aTe/IN KOHLEHTPALLMM FOMOLMCTEMHA Y XKEHLLMH, B aKyLLEPCKOM aHaMHE3€ KOTOPbIX UMEIOTCA OC/IOKHEHUA — NPEeXKAeBPEeMEeHHan OTC/I0MKa
HOPManbHO PACNONOKEHHOM NNALEHTbI, HEBbIHALIMBAHWE GEPEMEHHOCTH, @ TAKIKE B CIy4ae HA/IMUMA B POAY Y KEHLUMH CyYaeB UHCYNbTa, MHbApPKTa
MMWOKapaa U Tpomb006pa3oBaHMii y poaCTBEHHMKOB B Bo3pacTe A0 45-50 ner.

Kniouesble cnoBa: osuesasn Kucaoma, ponamel, depuyum onamos, aunepeomoyucmeuHemus, bepemeHHOCMb, He8bIHaWUBAHUE BepemMeHHO-
cmu.
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FOLATE METABOLISM IN PREGNANCY

Z.D. SALIMOVA, M.F. DODKHOEVA

Department of Obstetrics and Gynecology Ne 1, Avicenna Tajik State Medical University, Dushanbe, Republic of Tajikistan

The literature review examines the data on the role of folic acid in the human body, especially in women of the reproductive period. An analysis of
research studies was conducted to assess the effect of folic acid and folate deficiency on organogenesis and placental formation. In addition, folate
deficiencyis associated with severe pregnancy complications, including placental abruption, spontaneous miscarriages, intrauterine growth retardation,
and preeclampsia. Also, it plays a role in developing congenital malformations of the cardiovascular, nervous, visual and musculoskeletal systems. It
was found that with hyperhomocysteinemia, the risk of complications with a self-enhancing cascade of pathological changes during the gestation
period increases significantly. In this regard, when planning a pregnancy, it is recommended that all women examine the levels of homocysteine
concentration. It is also mandatory to investigate the levels of homocysteine concentration in women with a history of obstetric complications —
placental abruption, miscarriage, and the family history of stroke, myocardial infarction and thrombosis in relatives below the age of 45-50 years.
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Ha ceropHAWHMIM aeHb B NpeaynpexaeHnn passBuTva NoausTm-
ONOTNYECKMX 3a060/1€BaHMIN 6ONbLUYIO PONb UFPAET UX NPOdUNAKTUKE,
KOTOpas ABASETCA 3HAaYMMbIM GpaKTOPOM 340P0BbA Nt0AeN U Cnocob-
CTBYET CHUXEHMIO PUHAHCOBbIX PACXOLOB Ha fiedeHue. Mpy u3ydeHnun
PaLMOHANbHOTO NUTaHUA BO/bLIOE 3HAYEHWE MMEET OLEHKa Poau
BWTaMMHOB B OBMEHHbIX MPOLLEccax OpraHn3Ma YesoBeKa U uccse-
[10BaHVE MPOUCXOAALMX B OPraHM3Me M3MEHEHWN MpPU Pa3BUTUK
rMno-, rmnep- v aBUTaMnHo308 [1]. Heobxoanmo oTaenbHo BbIAEUTL
npobnemy nNpooUNaKTUKM HeoCTaTKa BUTaMUMHOB B OpraHusme y
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To date, the prevention of polyetiological diseases signifi-
cantly impacts people's health and reduces the financial costs of
treatment. When studying rational nutrition, it is vital to assess
the role of vitamins in the human body's metabolic processes and
review the changes occurring during the development of hypo-,
hyper- and avitaminosis [1]. It is necessary to single out the prob-
lem of preventing vitamin deficiency during pregnancy, which
can be teratogenic [2, 3]. It has been established that irrational
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KEHLWWMH B nepuog, 6epeMeHHOCTH, KOTOPbIN MOXKET UMETb onpese-
NEHHOoe TepaToreHHoe BauAHME [2, 3]. YCTaHOBNEHO, YTO Hepauwuo-
Ha/IbHOE M HEMOJIHOLEHHOE NWUTaHMWE Y XKEHLMH B Nepunog, bepemeH-
HOCTM OKa3blBAaeT He MeHee OTPULATENbHOE BAUSHWE HA pPas3BUTME
nnoga, Yem MHPEKLMOHHO-TOKCUYECKME BelecTBa. HegocTtaTouHoe
nocTynaeHne MUKPOHYTPMEHTOB C MuLien y BepemeHHbIX Hebnaro-
NPUATHO OTPAKAETCA HA HOPMaNbHOM PAa3BUTUM NAOAA U HOBOPO-
KAEHHOTO0. MUKPOHYTPUEHTHAA HEAO0CTaTOYHOCTb MOXKET He TOJIbKO
CTaTb MPUYMHOW Pa3BUTUA NATONOMMM BEPEMEHHOCTV U POAOB, HO U
NpYBECTU K AedULUTY MUKPO3NEMEHTOB U BUTaMMHOB B OpraHu3me
nn04a M HOBOPOXKAEHHOIO, HEBNArONPUATHO OTPAXKAACh Ha ero 340-
posbe [4, 5]. ONTMManbHOe M NONHOLEHHOE NMUTaHWE MaTepy Urpaet
60/1bLLYIO PO/Ib U B NOCNIEPOLOBOM NEPUOLE, TaK KaK 3TO CKa3blBaeTcA
Ha ONTUMANbHOCTU FPYAHOTO BCKAPMAMBAHWSA U COCTOSHUM Pa3BUTUSA
HOBOPOXAEHHOTO [6]. BoMbLIYIO POab B BUTaMUHHOM HanaHce B op-
raHusme b6epemeHHOM KeHLWmHe UrpaeT GoamMeBas KUCI0Ta, KoTopas
ABNAETCA 3HaUYMMbIM GaKTOPOM B NPOdUNAKTMKE NOPOKOB Pa3BUTUA
nnoga [7]. Takum obpasom, No-npexxHeMy aKTyanbHOM ABAAETCA NPO-
61ema Koppekumn ponnesoaedULMUTHbIX COCTOAHMIM [8].

Bonblias foNsa cnyyaeB BCTPEYAEMOCTM MPUBLIYHOMO HEBbIHA-
LWMBaHUA bepemeHHOCTY (NpuMepHo B 17% cnydaes oT 0bLero uncna
YKeNaHHbIX bepeMeHHOCTeN) onpeaenseT MUPOBOK MaclwTab meam-
KO-COLMAIbHOM 3HAYMMOCTH 3TOM Npobnemsl [9]. Bblno ycTaHOBNEHO,
4TO K CaMOMpPOM3BOJ/IbHBIM BbIKUABILAM B PAaHHEM U CBEPXPAHHEM
CPOKe recTalumn MOXET NPUBECTU HELOCTAaTOYHAA YCBOAEMOCTb B Op-
raHW3ME ¥KEHLLMHbI GONNEBOI KUCIOTbI M NPOAYKTOB e€ obmeHa [10].

K uncny nepsbix Ny6AMKaLMIA, B KOTOPbIX NPUBOAUTCA OLIEHKA
ponv $oNMeBoit KUCIOTbI B OpraHn3me, OTHOCUTCA paboTa remaTosno-
ra u3 BennkobputaHum goktopa Lucy Wills, kotopas usyyana BamsHue
0COBEHHOCTEN MUTaHMA Ha TeyeHune B12-¢ponnesoseduLmMTHON aHe-
Muu. B KoHUe aBaauaTbix rofos npouwnoro ctonetva Wills nposena
uccnefoBaHne Mo U3yvyeHUo NPUYMH BObLIOMO YMCAA C/Ty4YaeB Me-
ranobnacTHOM aHeMMU CPeayn MHOMWCKUX KEHLWMH B nepuog bepe-
MEHHOCTU. B pesynbtate M3ydeHUA posn MHPEKLUMOHHOTO GaKTopa,
0CcObEeHHOCTe NUTaHUA U YCIOBUM KU3HU Ha TeueHue 3abonesaHus y
6epeMeHHbIX aBTOP BHEC/A NepPBOHAYa/bHbIN BKAAZ B OTKPbITUE $O-
NINeBoM KMcnoTbl. HECKONBbKO No3gHee oHa 0BHapyXKuia, YTo, B page
C/y4aeB, UCMO/Ib30BAHUE B SIEYEHUM KEHLUMH C aHEMUEN OUYULLEHHO-
ro 9KCTPaKTa NeyeHn He AaBano adpdeKTa, Toraa Kak npu Ucnosb3oBa-
HWUM HEOUMLLLEHHOTO SKCTPAKTa NEYEHM OTMEYANNCH XOPOLLNE pe3y/ib-
TaTbl. B pesynbtaTe OHa OTKpbINa BELLECTBO, KOTOPOE NO3Xe CTa/un
MMEHOBaTb KaK ¢ponmesan kucnota [11, 12].

BaunaHune $onmesoi KUCAOTbI Ha TeueHne bepeMeHHOCTH Bnep-
Bble u3yyanu CV. Moore ¢ konneramu (1945), KoTopble B e4eHUn
6epemeHHbIX EHLUMH CO 3/10Ka4YeCTBEHHOU GOpMOI aHemuu npwu-
MeHaAn ponunesyro Kucnoty. pyrov yyéHbiii B.M. Hibbard 8 1964
r. OBHAPYXM/ HaNMuMe CBA3WN MeXAy HeAoCTaTOYHOCTbIO GoaneBoit
KWUCNOTbI B OPraHU3me 1 PasBUTUEM aHEMUM, BOSHUKHOBEHUEM CaMO-
MPOW3BO/IbHbIX BbIKMABILLEN 1 OTCIOMKOM NNaLeHTbl. ABTOp OTMeYan,
4TO NPU UCKYCCTBEHHOM CO34aHMKN $ponneBoaedULUTHOTO COCTOAHUA
HabNoAAIOTCA CNyYau CamMoNpOoOM3BO/BHOTO abopTa U HapyLeHWi
passuTua nnoga. B 1965 rogy E.D. Hibbard emecte ¢ R.W. Smithells
BbIABWM HaMuMe B3aMMOCBA3M MEeXy PacCTPOMCTBaMM npoLiecca
obmeHa $p0NaToB M HapyLleHMem pa3BuTua nnoga [13, 14].

MHorune uccneposatenn 70-x rogoB NPOLLNOrO BeKa NOAYEPKK-
Ba/M, YTO MPUYMHOW NpPeXAEBPEMEHHON OTCIOMKM HOPMASbHO pac-
NosoXeHHow naaueHTbl (MOHPI) mokeT ABNATLCA aHEMMS, OCOBEHHO
meranobnactmyeckas [15, 16]. MMeHHO B 3TM rogpl, yunTbiBas TOT QaKT,
4TO aHEMMA M Pas/IMyHble e€ GopPMbI M3-3a PacnpoCTpaHEHHOCTM B Taa-
KMKMCTaHe, cCHMTanach KpaeBom natonormen, npu kadeape akywepcrsa
1 ruHexkonornn Ne 1 TTMY um. Abyanu nbHu CuHO, nog, pyKoBOACTBOM

feeding and malnutrition during pregnancy have no less negative
impact on the development of the fetus than infections and tox-
icants. Inadequate intake of micronutrients adversely affects the
normal development of the fetus and newborn. Micronutrient
deficiency not only adversely impacts pregnancy and childbirth
but also leads to a lack of trace elements and vitamins in the fe-
tus, adversely affecting the fetus's health [4, 5]. Balanced nutri-
tion of the mother also plays an essential role in the postpartum
period, as it positively affects breastfeeding and newborn devel-
opment [6]. Folic acid plays a critical role in pregnant women's
vitamin balance, which is a significant factor in preventing fetal
malformations [7]. Therefore, the importance of correcting folic
acid deficiency can hardly be overestimated [8].

High rates of recurrent pregnancy loss (approximately 17%
of unintended pregnancies) determine the medical and social
significance of this problem at the global scale [9]. In addition, it
was found that folate malabsorption increases the risk of sponta-
neous abortion in early pregnancy [10].

Dr Lucy Wills, a leading English haematologist who studied
the influence of dietary habits on the course of B12-folic defi-
ciency anaemia, was one of the first to publish a paper evaluating
the role of folic acid in the health of pregnant women. In the late
twenties of the last century, Wills conducted a study to investi-
gate the causes of the high incidence of megaloblastic anaemia
among Indian women during pregnancy. As a result of the study
on the role of the infectious factor, nutritional habits and living
conditions on the course of the disease in pregnant women, the
author made an initial contribution to the discovery of folic acid.
Later, she reported that patients with tropical macrocytic anae-
mia were cured by injections of crude liver extract after they had
failed to respond to a purified liver extract leading to the discov-
ery of a substance known as folic acid [11, 12].

The influence of folic acid on pregnancy was first studied
by CV Moore et al (1945), who used folic acid to treat pregnant
women with pernicious anaemia. Hibbard BM (1964) found a link
between folic acid deficiency and the development of anaemia,
spontaneous abortions and placental abruption. Furthermore,
the author noted that experimental folate deficiency is associat-
ed with spontaneous abortions and fetal abnormalities. In 1965,
Hibbard and Smithells revealed a relationship between human
embryopathy and a deficiency of folate metabolism [13, 14].

Multiple 1970s publications emphasized that anaemia, es-
pecially megaloblastic, can cause premature separation of the
normally implanted placenta [15, 16]. In the 70s, various forms
of anaemia were considered a regional pathology in Tajikistan
due to their prevalence. Therefore, a laboratory where hemo-
globinopathies were studied for the first time in the USSR was
launched at the Department of Obstetrics and Gynecology No. 1
at the Avicenna Tajik State Medical University, under the tenure
of the corresponding member USSR Academy of Medical Sci-
ences S.Kh. Khakimova. She established a method for determin-
ing folic acid in whole blood according to Herbert (1966), mod-
ified by Stepanova EN et al [17]. As a result, many unique types
of research have been done on anaemia. Studies have shown a
high prevalence of folic acid deficiency in pregnant women with
various forms of anaemia and placental abruption. The serum
folic acid concentrations were 35.6+2.44 and 80.6%3.40 ng/ml
in pregnant and parturient women with and without placental
abruption, respectively. At the same time, the levels of 37.1+4.09
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yneH-kopp. AMH CCCP C.X. XakumoBoM bbina OTKpbITa NabopaTtopus,
rae Bnepsble B8 CCCP m3yyanucb remMornobuMHonatnm, yaanocb Hana-
OUTb METOAMKY onpeseneHns GonnMeBon KUCNOTbI B LieNbHOW KPOBM
no Herbert (1966) B mogudwmkaumm E.H. CtenaHosoi u coasr. [17]. B
utore 6b110 NPOAENAHO MHOMKECTBO YHUKA/bHbBIX HayYHO-UCCNen0Ba-
TeNbCKMX PaboT, NocBALLEHHbBIX Npobnemam aHemun. B nccnepgosaHu-
AX 6blNa [OKasaHa BbICOKaA YacTota aeduupta GonmMeBoi KUCNOTbI Y
6epeMeHHbIX KEHLLMH NPy pasnnyHbIx dopmax aHemmu v NMOHPI. Mpu
nokasatene GoNNEeBOI KUCNOTbI B LIeNbHOM KPOBU 30POBbIX GepemeH-
HbIX 1 poxeHuL, 80,613,40 Hr/m, y 6epemeHHbIX 1 poskeHu, ¢ MOHPN
OH 6bin paBeH 35,6%2,44 Hr/mn, ¢ aHemumen — 37,1+4,09 Hr/mn u ¢ re-
mornobuHonTreit 27,3+2,20 Hr/mn (p<0,001) [17].
B 90-e roapl Npoworo cToNeTua B ABYX HE3aBUCMMO Apyr OT
Apyra NpoBOAMMbIX PaHAOMM3NMPOBAHHbIX KOHTPOIMPYEMbIX UCChe-
[l0BaHMAX Bblia ycTaHOBNEHa Posib GOMEBOI KUCIOTbI B NPOdUIAK-
TUKE NOPOKOB Pa3BUTUSA HEPBHOM Tpy6KM [18-20].
CBOé HasBaHWe onaTbl, ABAAIOLLMECA NPOU3BOAHBIMU KOMMO-
HEHTamu oT GONUEBOI KUCIIOTbI, NOYYUAYM OT NaTMHCKoro «folian, yto
B NepeBofe 03HAYAET «NCT», U 0BYCNOBAEHO 3TO TEM, YTO $onaThl
BNepBble OblAv BblAENEHbI U3 INCTLEB WNWHaTa [21, 22].
®onatbl nNpeacTasnAloT cobo NPUPOAHbIe BOAOPACTBOPUMbIE
coefIMHEHWA, COCTaBAAIOLWME B KOMMNAeKce gonmesyto kucnoty. ®o-
JIVeBas KUCMOTa UMeET HOAbLLOE 3HaYEHNE B HOPMA/IbHOM TEYEHUM
6epemeHHOCTH, OKa3bIBAET BAUAHUE HA HOPManbHOEe GopMUPOBaHMe
NAaLeHTbl, OPraHOB M TKaHel y Naoga, yyacTByeT B BMOCUHTE3e Hy-
KNEMHOBbIX KncnoT [23-25].
®onatbl NPUHUMAIOT Y4aCTUE BO MHOMUX KM3HEHHO BaKHbIX
npoLieccax, NPoTeKatoLLMX B OpraHU3Me YenoBeka:
*  CTUMyNAUMA npoLecca 06pa3oBaHMUA KPaCHbIX KPOBAHBIX
KNETOK;

®  yyacTBYIOT B 06pa30BaHUM aMUHOKUCAOT (BK/OYan Takue
aMUHOKMUCNOTbI, KaK METUOHWH, CEPUH, FULWH, TMCTUAH,
TpunTodaH U T.4.), B CUHTE3E HYKNEUHOBBIX KUC/OT, Nypu-
HOB, MMPUMUANHOB Y BUTAMUHOB;

*  MeTabonu3m XONMHA U TUCTUAMHA;

®  yyacTByIOT B npoueccax metunnposanua HK n PHK;

e 06ecneunBaloT pereHepaLyio MblLEYHbIX TKaHEW;

®  yyacTBylOT B GOPMMPOBAHMM ObICTPO PACTYLLMX TKAHEMN,

(KoXHble NOKPOBbI, CM3UCTbIE 06OIOYKU OPraHOB NULLE-
BapUTE/IbHON CUCTEMbI, KOCTHOMO3TOBbIE CTPYKTYPbI);

e 061134at0T NPOTEKTUBHOW CNOCOBHOCTLIO NP BepemeHHO-
CTW OTHOCUTE/IbHO BIMAHWUA TEPATOTEHHbIX U MOBPEKAAL0-
LLMX areHTOB Ha NioA;

®  0Ka3blBAlOT B/MAHWE HA Pa3BUTUE NAALEHTbI MU HOPMasb-
Hoe eé GyHKUMOHMpOoBaHue [2, 13].

CTOUT OTMETMTb, YTO B BO/IbLLEN CTENEHM pa3pyLueHMe GoNaToB
NPOUCXOAMT BO BPEMSA TEMNIOBON KyMHapHON 06paboTKM NULLM, Npu
3TOM gons notepu GonatoB MOXKET cocTaBnATb Ao 95%. B nepsyto
ouepesb, 3TO KacaeTcA oBoLlen. MeHee noaBepKeHbl TEPMUYECKO-
My paspyweHuto $GonaTthl, cofepKalimecs B NPOAYKTaX *KUBOTHOMO
NPOMUCXOXKAEHMA, YTO 0byCcNOBNEHO MX Bonee ycToMumBon Gopmoil.
AKTMBHOCTb NpoLeccoB BUOCMHTE3a (ONIATOB HAXOAALLMMUCA B Ke-
NYA04YHO-KMLLEYHOM TPAKTE MUKPOOPraHM3Mamu BO MHOTOM 3aBUCUT
OT 0COBEHHOCTeW NUTaHWUA: YBENNYMBAETCA NPU NPUEME NpenmyLle-
CTBEHHO PACTUTENBHON MULLY NO OTHOLWEHMIO K MACHBIM NPOAYKTaM
¥ B cnyyae notpebneHna BobLIOro KoNMYecTBa KeTYaTku. B notpe-
617eMbIX B MULLY MPOAYKTaX COLEPKATCA Npov3BoAHble Gponvesoi
KWUCNOTbl — NOAMINYTaMaTbl. B KMLWEYHOM TpaKTe OHW NoagepraroTcs
rMapoansy ¢ 0bpasoBaHMEM MOHOFYTaMaToB. B OCHOBHOM OHM BCa-
CbIBAIOTCA B ABEHAALATUMEPCTHOM KMLLKE, @ TaKKe B MPOKCUMa/IbHOM
YacTM TOLLEN KULUKKW. B KULLEYHbIX SNUTENMOLMUTAX 33 CYET aKTUBHO-
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and 27.3+2.20 ng/ml were observed in patients with anaemia
and hemoglobinopathy, respectively (p<0.001) [17].

In the 1990s, two independently conducted randomized
control trials established the role of folic acid in preventing neural
tube defects [18-20].

Folates, which are derivatives of folic acid, originate from
the Latin "folia", which means "leaf" because folates were first
isolated from spinach leaves [21, 22].

Folic acid, also called pteroylglutamic acid, folate, or fola-
cin, is a water-soluble vitamin of the B complex. Folic acid is of
great importance in pregnancy for the growth of the uterus and
the placenta, organs and tissues in the fetus. It is involved in the
biosynthesis of nucleic acids [23-25].

Folates are involved in many vital processes in the human
body:

. formation of heme of haemoglobin in RBCs;

e formation of amino acids (including methionine, ser-

ine, glycine, histidine, tryptophan, etc.)

e in the synthesis of nucleic acids, purines, pyrimidines
and vitamins;

e choline and histidine metabolism;

¢ DNA and RNA methylation;

e regeneration of muscle tissue;

e formation of rapidly growing tissues (skin, mucous
membranes of the digestive system, bone marrow
structures);

e protection from teratogenic agents' effect on the fetus;

e the normal placental development and functioning [2,
13].

It should be noted that the destruction of folates, to a great-
er extent, occurs during the thermal cooking of food, with up
to 95% of folate loss, primarily in vegetables. Folates present in
animal products are less susceptible to thermal degradation due
to their more stable shape. The activity of folate biosynthesis
processes by microorganisms in the gastrointestinal tract large-
ly depends on the diet: it increases with the intake of predomi-
nantly plant foods rather than meat products and, in the case of
a high-fibre diet. Foods consumed in food contain derivatives of
folic acid — polyglutamates. In the intestinal tract, they undergo
hydrolysis to form monoglutamates. They are mainly absorbed in
the duodenum, as well as in the proximal part of the jejunum.
In intestinal epitheliocytes, due to the activity of the enzyme di-
hydrofolate reductase, monoglutamate is transformed into dihy-
dro- and then into tetrahydrofolate (THF), which is subsequent-
ly methylated. The majority of folate absorbed in the intestine
enters the portal bloodstream and then to the liver, where it is
deposited in the form of polyglutamate (about 50-70%) [26, 27].
Of the total amount of folates (7-12 mg) in an adult's body, ap-
proximately 5-10 mg is deposited in the liver tissue, supplying fo-
lates for up to 3-5 months. The level of folate concentration in the
body is estimated by the amount of their content in erythrocytes,
where their number is almost 30 times higher than the amount
of folate contained in blood plasma (5-20 pg/l). The level of fo-
late concentration in the plasma part of the blood depends on
the diet; therefore, this indicator cannot be considered a reliable
indicator of folate status [28].

According to WHO, the recommended amount of folic acid
consumed per day for an adult and children over 12 years of age
should be 400 mcg; for children under the age of 12, this amount
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M pepmeHTa aurnapodonaTpesyKTasbl MOHOMYTaMaT TpaHcdop-
MUpYETCA B AUIMAPO-, a 3aTem B TeTparuapodonar (Trd), koTopbiit
B nocnefylolem noasepraetca meTuanposaHuto. OCHOBHaA YacTb
BCACbIBAEMOTO B KMLIEYHMKe $onaTa NonajaeT B NopTasibHbl KPOBO-
TOK W Aasnee B NeYeHb, rae NPOUCXOAMUT ero AenoHUPOBaHWE B BUae
nonurnytamata (okono 50-70%) [26, 27]. OT obuiero Konundyectsa do-
natoB (7-12 mr), coaeprKalLMxca B OpraHU3Me B3pOC/IONO YE/OBEK], B
NeYEHOYHOM TKaHW AenoHMpyeTca npumepHo 5-10 mr, obecneumsas,
TeM camblM, 3anac ¢ponaTos 40 3-5 mecsLeB. YPOBEHb KOHLEHTpaLLMK
donatos B OpraHM3Me OLLIEHUBAETCA MO KOIMYECTBY UX COLEPKAHMA B
spuTpoumTaX, rae ux uncno noutv B 30 pa3 npeBbllUaeT KOMYECTBO
cofepxaluyxca GonaTos B nnasme Kposu (5-20 mMKr/n). YpoBeHb KOH-
LieHTpaumum $onaTos B NIa3MEHHOM YaCTU KPOBU 3aBUCUT OT paLLMOHa
MUTaHWSA, B CBA3W C YeM JaHHbIN NOKA3aTeNb HE MOMKET CUMTATLCA Of-
TUMAsIbHBIM UHAMKATOPOM $onaTHOrO cTaTyca [28].

Mo faHHbIM BO3, pekomeHayemoe KonnyecTso notpebnsemoit
B TeYeHue CyToK GOosIMeBOIM KUCNOTbI A1A B3POC/IIOrO YeNoBeKa U Ae-
TeWi cTapLe 12 net gonKHo coctanaTb 400 MKr, AN AeTel B BO3pacTe
80 12 net 310 KomyecTBo coctaenseT 200 MKr, a a8 pebéHka nep-
BOTO rOAa KWU3HW CYyTOYHas NOTPeOHOCTb GpOSMEBON KUCIOTbI COCTaB-
nset 40-60 mkr [29]. MpruMeHeHWe B NepBOM TPUMECTPE recTauun 1
HenocpescTBEHHO Nepes HUM MpenapaTta, COAEPMKALLEro akTMBHOE
Bewlecto Folic acid, cnocobcTBoBano CoKpalleHWto Yucna cayvaes
npexaeBpeMeHHbIX POLOB U YBEIMUYEHUIO YMCNa XOPOLLMX NepuHa-
TanbHbIX Ucxonos [30]. MpumeHeHne GonveBoi KUCIOTbI B TeUEHME
NPOAOMKUTENBHOTO MEPUOAA BpemeHu obycnaBinBaeT Heobxoau-
MOCTb onpefeneHuns «besonacHon o3bi» [31].

HeobxoauMble HYTPUEHTbI M0 NOAyYaeT HenocpesCcTBEHHO
13 OpraHM3ma MaTepw, B CBA3M C Yem ONTUMasbHOe W cbanaHcmpo-
BaHHOE MUTAHWE OKa3blBAET BAMAHUE KaK Ha COCTOAHWE 3[0POBbA
camoit maTepu, Tak v byayuiero pebéHka. Takum ob6pas3om, yumnTbiBas
CNocobHOCTb OpraHM3ma K AenOHWPOBAHMIO KU3HEHHO BaKHbIX Be-
LLLeCTB, BK/tOYas donatbl, ABAAETCA LenecoobpasHbiMm 0becneumnTsb ux
[lOCTaTOYHbIN 3anac B neyveHn W nepudepuyeckmx TKaHax. OaHako,
3TO He BCeraa yaaércs, B CBA3M C HEAOCTATOUHbIM M HEPALMOHAbHbIM
nuTaHMeM, 0cobeHHO HabaogaeMbIM B nocaeaHue gecatunetun [32].
Mpown3BoaHble GoNNEBOIN KMCNOTbI B ONpeseNEHHbIX KONNYecTBax co-
[lep)KaTca B INCTOBbIX OBOLLAX, 3€/IEHOM FOPOLLKE, LIUTPYCOBbIX, MyY-
HbIX 1 KPYNSAHbLIX NPOAYKTAX, MEYEHN KUBOTHbIX, MULLEBbIX APONKIKAX,
cbipe, TBopore. OaHako 6ruogocTynHOCTb GoNaToB ABNseTca c1abol, a
BO BPEMA TepMMUYECKOoi 06paboTKM NoTpebnsembIx NPOAYKTOB paspy-
WweHue ¢ponatos gocturaet 4o 90%. Mpu npeBanMpoBaHuM B paLmoHe
nUTaHWUA msaca, 6060BbIX 1 KapTodens 1 peaKom ynotpebaeHnn Gpyk-
TOB Hab/0AAETCA YMEHbLUEHME NOKa3aTe/el COAePKaHUA B OpraHums-
Me BMTaMMHOB B6 1 B12 [33, 34].

MMKpOHYTPUEHTHas HEeAOCTaTOMHOCTb M aBUTaMUHO3, Habito-
[aemble Y KeHLMH ¢ paHHUMK noTepamu HGepemeHHocTv (PMB), 06-
YCNaBAMBAIOT 3HAYMMOCTb JAHHOM NPO6eMbI B aKyLUEPCKOW NPaKTK-
Ke. Takum 0bpasom, a1s npodunakTnkm PMNE Heobxoamnmo npoBoanTb
CBOEBPEMEHHYIO KOppeKLMio AedUUMTOB BUTAaMWUHOB U MMKpO3e-
meHTOoB [35, 36].

MocnencTBMA HELOCTAaTOUHOTO COAEPKAaHUA GONMEBOM KMCNOTbI
B OpraHusme:

®  CMOHTaHHbIN abopT, HACTyNNEHWE NPeXaeBPEMEHHbIX PO-

nos, MOHPM;
*  BPOXAEHHbIE MOPOKM pa3sutua (BIP) KapavoBackynap-
HOW 1 HEPBHOM CUCTEM N0AQ, aHOMANUMU Pa3BUTUA BEPX-
HUX U HUKHUX KOHEYHOCTE, OpraHoB 3peHus;

*  pUCK TUNOTpodUM Nnofa U HEAOHOWEHHOCTU HOBOPO-
KOEHHOTO;

*  aHemuu u TpombouuMTONEHUM, 0bycnoBneHHbIe HeJOoCTaT-
KOM B opraHuame GonneBoi Kucaotbl [37].

is 200 mcg; and for a child of the first year of life, the daily require-
ment of folic acid is 40-60 pg [29]. Using a preparation containing
the active ingredient folic acid in the first trimester of pregnancy
and immediately before it contributed to a reduction in preterm
birth rate and improved perinatal outcomes [30]. However, using
folic acid for an extended period necessitates the definition of a
safe dose of the vitamin in these situations [31].

The fetus receives the necessary nutrients directly from the
mother's body; therefore, a balanced healthy diet benefits both
the mother and the unborn child. Thus, given the body's ability
to accumulate vital substances, including folates, it is advisable to
ensure their sufficient supply in the liver and peripheral tissues.
However, this is only sometimes possible due to insufficient and
unsafe nutrition, mainly observed in recent decades [32]. For
example, in certain quantities, folic acid derivatives are found in
leafy vegetables, green peas, citrus fruits, flour and cereal prod-
ucts, animal liver, nutritional yeast, cheese, and cottage cheese.
However, the bioavailability of folates is poor, and during the heat
treatment of food products, the loss of folates reaches up to 90%.
Furthermore, with the prevalence of meat, legumes and pota-
toes in the diet and the occasional use of fruits, a decrease in the
body's content of vitamins B6 and B12 is observed [33, 34].

Micronutrient deficiencies and avitaminosis observed in
women with early pregnancy loss (EPL) determine the signifi-
cance of this problem in obstetric practice. Thus, for the preven-
tion of EPL, it is necessary to carry out the timely correction of
vitamin and microelement deficiencies [35, 36].

Consequences of folate deficiency:

e spontaneous abortions, preterm labour (PTL) initiation,

placental abruption;

e congenital malformations (CM) of the cardiovascular
and nervous systems of the fetus, anomalies in the
development of the upper and lower extremities and
visual organs;

e therisk of intrauterine fetal hypotrophy and prematuri-
ty of the newborn;

e anaemia and thrombocytopenia [37].

In folate-deficient conditions, the risk of fetal thrombot-
ic vasculopathy (FTV), preeclampsia, miscarriage, placental
insufficiency, and fetal growth retardation is increased [38-
40).

The main indications for prescribing high doses of folic
acid (more than 1000 mcg) during preconception care and
in the first trimester of pregnancy are:

e a history of a previous pregnancy affected by neural
tube defects (NTDs) in the fetus;

e a3 history of NTDs in a woman planning a pregnancy, as
well as second or third-line relatives;

e and the use of antiepileptic drugs or drugs that reduce
the absorption and suppress the activity of folates;

¢ malabsorption-related conditions;

e diabetes;

e excessive consumption of alcoholic beverages;

e conditions associated with renal replacement therapy
[38].

Undoubtedly, the importance of folic acid in ensuring suc-
cessful conception, its effect on the course of pregnancy, and the
development of the fetus and newborn can hardly be overesti-
mated [41]. As noted, with micronutrient deficiency, there is a
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Mpn donneBofePULMUTHBIX COCTOAHMUAX NOBBILIAETCA PUCK
06pasoBaHuA TPOoM6OB B COCYAax MAALEHTbI, Pa3BUTUA Npes-
KNamncum, HeBbIHALWMBAHWA, NAALLEHTaPHON HeJ0CTaTOuHOCTH
1 3a4€P¥KKM pocTa nnoaa [38-40].

OCHOBHbIMM MOKa3aHUAMM ANA HA3HAYEHWA BbICOKMX [103
donunesoit kncnotbl (6onee 1000 MKr) B Nepuoa, NOATOTOBKM
KEHLLYMHbI K 3a4aTunio pebéHKa 1 B NepBOM TPUMECTPE recTalm-
OHHOro Neproaa ABNAOTCA:

*  Hanuuue B Npeablaylueit bepemeHHOCTU fedeKToB pa3su-

TWUA HEPBHOM TPYOKM Yy NNoaa;
®  Ha/n4ume B aHamHe3e fedeKToB HePBHOM TPYOKM Y KEHLLM-

Hbl, N1aHUpPYOLLEN BEPEMEHHOCTb, @ TaKKe POACTBEHHMKA

BTOPOW MW TPETLEN IMHUM;
®  WUCMNONb30BaHWE MNPOTMBO3NUAENTUYECKUX NpenapaTos

WM NEKApPCTBEHHbIX CPEACTB, CMOCOOCTBYIOWMX CHUXKeE-

HUWIO BCACbIBaHUA M NOLABAEHUIO aKTUBHOCTH $H0ONATOB;
®  Ha/iMuMe y KeHLUWHbI NaToNorui, 06ycnoBAEHHbIX Manbab-

copbuueis;

®  Ha/JMYMe Yy KeHLUMHbI CaxapHoro Anabeta;

®  ypesamepHoe ynoTpebaeHne anKoroNbHbIX HANUTKOB;

®  COCTOAHWA, MpPW KOTOPbIX BO3HUKAET HeobxoAMMOCTb B

NPOBEAEHUM 3aMeCTUTEIbHOM NoYeyHoi Tepanum [38].
HecomHeHHbIM aBnseTcs GaKT 3HaUMMOCTH GOIMEBOI KUCIOTbI

B obecneyeHMn HOPManbHOro 3a4aTus, eé BAMAHUE Ha TeyeHue be-
PEMEHHOCTH, a TaKKe Ha pa3BWUTUE NI0AA U HOBOPOXKAEHHOrO [41].
Kak 6b1710 0TMEYEHO, NPV MUKPOHYTPUEHTHON HELOCTaTOYHOCTH Ha-
671101aETCA CHUNKEHUE YPOBHA COAEPKaHMA B OpraHu3me Gpoavesoin
Kucnotbl. [lokasaHo, YTo HasHayeHne GOsMeBOM KUCAOTbI B Nepuos,
NAaHWpoBaHWA bepeMeHHOCTU 1 B TeueHUe CpoKa rectauym nosBo-
NAET CHU3UTb PUCK BO3HWKHOBEHWS CaMOMPOW3BO/ILHOMO abopTa,
npexaespemeHHbIX POAo0B, NpesynpeanTb HapyweHusa Gopmmposa-
HUA 1 OYHKLMWM NNaLeHTbl, pa3BUTMe aHOManWM pasBUTMA Naoda u
YMEHBLLMWTb YaCTOTy C/Ty4aeB POXKAEHWA HE3PENbIX AeTel Mbo aeteit
€ Manibim Becom [42]. CywiecTBylOT pas/iMyHble METOAbI KOPPEKLUM
fedvumta bonmeBor KMCNOTbI: NOTpebneHne NPoAyKToB, GoraTbix
cofiepkaHnem GponmeBoi KUCNOTbI, UCNONb30BaHWE B KOHTPALLENTUB-
HOM COCTaBe, a TaKXe HazHauyeHve GONNeBOI KUCNOTbI B BUAE MOHO-
npenapara Wan e B KOMMIEKCE C BUTAMUHAMMU U MUHepanamu [42].

Ledunuut donmesolt KUCNOTbl Y BePEMEHHOM KEHLLMHBI MOXKET
CTaTb NPUYMHON HapylleHna npouecca GOPMUPOBAHWA OPraHoB U
CUCTEM NJiofa BO BTOPOM M TPETbEM TPUMECTPax bepemeHHocTH. B
pe3ynbTaTe y HOBOPOXAEHHOTO BO3HUKAKOT M3MeHEHMUA GYHKLMI Kap-
[MOBACKYNAPHOW, HEPBHOW, FOPMOHA/IbHOW CUCTEM U XKENYA0HHO-KM-
weyHoro TpakTa. MNpu HexsaTke G0NaTOB B OpraHM3me HepemeHHo
NOBbILLAGTCA PUCK HACTYNEHUA NpeXaeBpeMeHHbIX poaos, MOHPI n
PasBUTMA NOCNEPOAOBOrO KpoBoTeueHUs [43].

Mpvém ponaumHa maTepblo creayeT NPOAONKATbL U B MEPUOL,
rPYZHOro KopmaeHus pebéxka. Mpu HepgocTaTke GoNNEBON KUCAOTDI
Y KOpMmsLLEeN MaTepyn HabNIOAAETCA U CHUKEHWE KOHLLEHTPALMKU Kuc-
NOTbl B FPYAHOM MOJIOKE, YTO BEAET K HeA0CTaTOYHOCTU dhomeBoM
KucnoTbl U y pebéHka. Bcneacteue storo, y pebEéHka BO3HMKaeT cia-
6as npubaBKka B Bece, HEAOCTATOYHOE MCUXOMOTOPHOE Pa3BUTUE,
ocnabneHme UMMYHHOW cUCTeMbl, GYHKLMOHAIbHbIE PACcCTPOCTBa
KMLeYHOoro TpakTa. KnmHuyeckumm npossneHnammn ponnesosedu-
LIUTHOTO COCTOAHMA Y XKEHLUMHbI B NMOC/EPOA0BOM Nepuoae ABNA-
IOTCA: MOBbILIEHHAA COHIMBOCTb, YMEHBLUEHWE KOJIMYECTBa MOJIOKA,
COCTOAIHME anaTuu 1 aenpeccun. Bce 3To oTpuLaTeNbHO cKasblBaeT-
€A Ha GpM3MYecKom, NCUXOIMOLMOHANBHOM U YXOBHOM COCTOAHUM
MO/0A0% MaMbl, eé pebEHKa 1 BCel ceMbU B LLIeIOM, CHUMKAETCA Ka-
YECTBO KM3HW M HET MONHOLEHHOTO OLLYLLEHWUS PALlOCTU MaTePUH-
cTBa [44, 45].
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decrease in the level of folic acid in the body. It has been proven
that folic acid administration before and during pregnancy can
reduce the risk of spontaneous abortion and premature birth,
prevent placental and fetal abnormalities and reduce premature
birth and low birth weight infant rates [42]. There are various
methods for correcting folic acid deficiency: consuming foods rich
in folic acid, using folate-containing oral contraceptives, and pre-
scribing folic acid as a single drug or combination with vitamins
and minerals [42].

Folate deficiency can disrupt the fetus's formation of organs
and systems in the second and third trimesters of pregnancy. As
a result, the newborn can have dysfunction in the cardiovascular,
nervous, and gastrointestinal tract systems and abnormalities in
hormonal status. In addition, a lack of folate in a pregnant wom-
an's body increases the risk of preterm labour, placental abrasion
and postpartum haemorrhage [43].

Maternal folacin use should be continued during breast-
feeding. Folic acid deficiency in a nursing mother, followed by
a decrease in the concentration of acid in breast milk, is also
observed, which leads to folic acid deficiency in the child. As a
result, poor weight gain, psychomotor impairment, immuno-
compromise, and pediatric functional gastrointestinal disorders
can occur as complications. Clinical manifestations of a folic acid
deficiency in a woman postpartum are increased drowsiness, de-
creased breast milk supply, apathy, and depression. All this nega-
tively affects the physical and mental health of a young mother,
her child and the whole family, the quality of life decreases, and
the joy of motherhood is compromised [44, 45].

Subsequently, it was found that using folic acid before and
during pregnancy can reduce the risk of fetal abnormalities [41,
42].

At the end of the last century, it was reported that taking
folic acid can prevent neural tube defects (NTDs), but this is not-
ed only in cases where folic acid deficiency may be the probable
cause of NTDs. To diagnose folate deficiency, the WHO experts
recommend examining several biomarkers: serum folate in RBCs
and homocysteine levels. According to these indicators, it is pos-
sible to monitor the effectiveness of the treatment with folates.
Therefore, folic acid should only be given during pregnancy if
needed. However, it has been noted that folic acid is prescribed
to all pregnant women indiscriminately, or women use it over the
counter. In some cases, women use it in combination with multi-
vitamins that already contain folic acid, which leads to folic acid
overdose. Furthermore, excessive and inappropriate folate intake
during pregnancy, albeit reducing the incidence of NTDs and in-
creasing the amount of folate in the blood, increases the risk of
epigenetic effects of folic acid in the offspring [46, 47].

Neural tube defects (NTDs) are among the most complex
fetal anomalies caused by folic acid deficiency. Some authors re-
ported that the administration of folic acid contributed to a de-
crease in cases of NTDs by 72%. Thus, NTDs occurred in 1.0%
and 3.5% of pregnant women with and without folic acid supple-
mentation, respectively [18-20]. The benefits of folic acid use in
pregnant women to create favourable conditions for fetal devel-
opment and newborn health are also reported in other publica-
tions [24, 34].

The maximum recommended amount of folic acid during
pregnancy or breastfeeding is 800-1000 pg daily. This is because
even when prescribing high doses of folates (up to 4000-5000 ug
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Bnocneactaum bb110 YCTaHOBNEHO, YTO NpUMeHeHKe Gonnesoit
KWUCNOTbI B NperpasuMaapHOM nepuoge M BO Bpemsa bepemeHHOCTU
No3BONAET YMEHbLWMUTb PUCK BO3HWKHOBEHWA aHOMaNWi pasBUTMA
nnoga [41, 42].

EWweé B KOHLE MpPOL/IOro CToNeTMs CoobLWanoch, Yto Npuém
donuneBoit KMCNOTbI NO3BOAAET NpeaynpeanTb pasBuTe aedekTos
HepBHoW Tpybku (AHT) nnoga, HO 3TO OTMEYAETCA TO/IbKO B TEX CNy-
Yanx, KorZa BEPOATHOM MpuuMHoW passutua OHT moxeT ABNATbCA
dedvumt donnesont Kucnotbl. kcneptamu BO3 pekomeHayeTcs ¢
Lle/Iblo AMarHoCTUKK aeduumta GonveBoi KUCA0TbI UCCAef0BaTb PAL
61oMapKEpoB: ypoBeHb GoaTa B IPUTPOLUTAX U CbIBOPOTKE KPOBMU
1 coflepKaHuA roMOLMCTEMHA B CbIBOPOTKE KpoBw. Mo 3TMM nokasa-
TENAM MOMHO OCYLLECTBAATb MOHUTOPUHT 3bbEKTUBHOCTU NeyeHns
npv UCNoNb30BaHUM B HEM ponveBoi Kucnotbl. Ponvesas KucaoTa
[L0MKHa Ha3HauaTbCA Npyu GepeMeHHOCTM TONIbKO B Cllyvae Heobxoau-
MocTH. OfLHaKo B NOCNEAHME roAbl CTaN0 OTMeYaTbCs, YTo Gponuesyo
KMCNOTY HA3HAYaloT NOApAL BceM OepemeHHbIM, UK Ke KeHLu-
Hbl MPUHUMAIOT €€ CaMoCToATeNIbHO 6e3 peKomMeHAaLuii Bpaya, a B
HEKOTOPbIX CAy4Yasx U B KOMMJIEKCE C NONMBUTAMUHAMM, B KOTOPbIX
Y¥Ke copepuTca GonmneBas KUCIO0Ta, YTO NMPUBOAUT K YBEAUYEHMIO
CYMMapHOW [,03bl KUCNOTbI BbIle NpesfesibHO AO0MYCTUMOTO YPOBHS.
YpesmepHoe 1 HeobocHoBaHHOe noTpebneHne donatos Bo Bpems
6epemeHHOCTH, MOMUMO CHUMKEHUA YacToTbl c/ly4aeB pa3sutva AHT
1 YBENIMYEHWA KONMYECTBA COLEPKaLLMXCA B KpoBK $honaTos, cnocob-
CTBYET YBE/IMYEHMIO PUCKA 3nureHeTMYecknx addektos donnesoit
KMCNOTbI ANA noTomcTea [46, 47].

K uncny Hambonee cnoxHbIX aHOMaNWUiA Pas3BUTUSA Nioga, oby-
CNOB/EHHbIX AeduunMToM PONMEBON KUCAOTbI, OTHOCATCA AedeKTbl
3apalleHus HepBHOI TPybKKM. B nccnesoBaHuAX pasga aBTopos 6biio
YCTAHOB/NEHO, YTO Ha3HayeHue GpONMEBOI KMCNOTbI CNOCO6CTBOBANO
YMEHbLUEHUIO YnCNa cyyaeB aedeKToB HepBHOM TPYOKM Ha 72%: 3Tn
NOpOKM BcTpevanuch B 1,0% cnyyaes y 6epemeHHbIX, KOTOpble NPUHK-
Manu bonvesyto KUCIOTY, U B 3,5% cnyyaes y bepeMeHHbIX, KOTopble
eé He npuHumanu [18-20]. O HeobxoammocTv npuéma Gosmesoit Kuc-
NOTbl y 6epeMeHHbIX C Lieblo co3aaHuA 6naronpuaTHbIX YC0BUIM Ans
pa3BMTMA NI0AA W ANA 340P0BbA HOBOPOXAEHHOTO coobLiaeTcsa 1 B
Apyrvx nybnvkaumsx [24, 34].

MaKcuMmanbHo Aonyctumble Ans NoTpebneHns cyTouHble f03bl
donumesolt knucnotbl coctaBastoT 800-1000 MKr. ITO 06YCNOBNEHO TEM,
YTO AaXKe NPU Ha3HaYEeHUM BbICOKMX 4,03 PponaTos (0 4000-5000 mMKr B
CYTKM) 3GEKTUBHOCTb SIEHEHWA OKA3bIBAETCA TAKOM e (YyMeHbLLeHe
pucka pa3suTua OHT Ha 50%-80%), Kak 1 Npu HasHaYeHUW GponaTos B
fo3ax no 400 mkr B cyTku. Kpome Toro, donunesas KUCioTa ABNAETCA
He eCcTeCTBEHHOM, a CUHTeTUYecKon dopmoit $ponaTos, BCaeaCTBUE
yero U3bbITOUHbIV NPUEM GONMEBOI KUCIOTbI B IEKAPCTBEHHOM BUAE
MOXKET OKa3aTb MOAABAAOLLEE BAUAHME HA TPAHCMOPT SHAOrEHHbIX
¢donatos [48, 49].

HepocTaTouHOCTb GONMEBOM KUCNOTbI CTAHOBUTCA NPUYMHON He
TONbKO pa3suTua AHT y nioaa, Ho U cnocobCTBYET PasBUTUIO APYTUX
aHOMa/Mi, cpean KoTopblx Hanbonee yactbimu (B 1 cnyyae u3 100
HOBOPOXAEHHDBIX) ABAAIOTCA NMOPOKU KapAMOBACKYNAPHON CUCTEMBI.
Bbino ycTaHoBAEHO, YTO Npu Npuéme GONMEBOI KUCNOTbI B TeUeHue
0ZIHOTO MecALa A0 NAaHMpyemoi bepeMeHHOCTM U B NepPBOM TpUMe-
CTpe recTaLlMOHHOTIO Neproaa YacToTa Cyvaes BPOKAEHHbIX MOPOKOB
cepaua ymeHbluaeTca Ha 40%, B TOM YMcie YacToTa CyyaeB pPasBu-
TMA CenTanbHbIX AedeKToB CoKpalLaeTca Ha 26%. eduunt donve-
BOW KMC/IOTbI B Nepuog, 6epeMeHHOCTH, MOMUMO HebnaronpuaTHoro
BO3eiCTBMA Ha aMBpuoreHes, OKasblBaeT OTPULLATE/IbHOE BAUAHUE
Ha npoLiecchl NponndepaLMm KNETOK XOpMOoHa U HopManbHOe GopMu-
pOBaHwWe NnaLeHTbl. B nocieayowwem aTo BeAET K yBEIMYEHMIO PUCKA
Pa3BUTMA TaKUX NATONOMMIA GepemMeHHOCTH, KaK HeBbIHALLMBaHWE, Ha-

per day), the effectiveness of treatment is the same (reducing the
risk of developing NTDs by 50%-80%) as when prescribing folates
in doses of 400 pg per day. In addition, folic acid is not natural.
However, using a synthetic form of folates results in excessive in-
take of folic acid as a supplement can suppress the transport of
endogenous folates [48, 49].

As already mentioned, folic acid deficiency causes NTDs in
the fetus. Moreover, it contributes to the development of other
anomalies, among which the most common (1 in 100 newborns)
are malformations of the cardiovascular system. It was found
that when taking folic acid within one month before the planned
pregnancy and in the first trimester of the gestational period, the
incidence of congenital heart defects is reduced by 40%, includ-
ing the incidence of septal defects reduction by 26%. In addition
to adverse effects on embryogenesis, folic acid deficiency during
pregnancy impact the proliferation of chorion cells and the for-
mation of the placenta. Subsequently, this increases the risk of
pregnancy complications, including miscarriages, placental insuf-
ficiency, and intrauterine growth retardation. It also increases the
risk of preeclampsia. These risks increase even more in the case
of an increase in the serum concentration of homocysteine, the
metabolic processes of which are closely related to folate metab-
olism [43, 44].

According to available data, using folic acid during pregnan-
cy in obese women reduced the risk of NTDs [50].

According to Fofanova IYu and Prilepskaya VN, "folic acid
directly affects neural tube formation in the embryo and is in-
volved in carboxylic acid metabolism. This includes pyrimidines
and purines involved in DNA replication during cell division and
additional release of methyl groups for macromolecules during
the synthesis of DNA, proteins, and lipids, i.e. cell proliferation.
Adequate cell proliferation is of vital importance in the closure
and formation of the neural tube, which closes on days 17-18
after conception. The role of folic acid in fetal development and
the formation of the placenta is highlighted by its participation
in DNA methylation. DNA methylation in prokaryotes monitors
error-free duplication and detects and eliminates foreign genetic
material. Since DNA methylation is reversible and has no direct
relationship with the DNA sequence, this process can be attribut-
ed to the epigenetic mechanism for monitoring the process of
transcription and gene expression" [51].

Thus, folates participate in the main metabolic processes.
In this regard, Pustotina OA and Akhmedova AE [45] note that
the latter is vital in synthesizing nucleotides and DNA replication,
due to which physiological cell division occurs and their normal
growth is ensured. In folate deficiency, DNA replication is im-
paired, negatively affecting rapidly proliferating cells, such as cells
of the hematopoietic system and epithelial cells. Hematopoiesis
in the bone marrow is compromised, leading to megaloblastic
marrow and megaloblastic anaemia. The number of RBCs and
leukocytes decreases. Due to damage to epitheliocytes, skin tis-
sue regeneration processes and mucous membranes are disrupt-
ed [45].

An increase in somatic diseases and complications during
pregnancy rates correlates with an increase in rates of nervous
system disorders in infants, which is 20%, according to the WHO.
The main factors negatively affecting pregnancy outcomes in-
clude an increase in the serum concentration of homocysteine,
which leads to endothelial cell damage. At the same time, the

507



Salimova ZD et al Folates and pregnancy

AVICENNA BULLETIN
Vol 24 * No 4 % 2022

pyweHve GyHKLMK NNaLLEHTbI, 3a4epHKa BHYTPUYTPOBHOrO passuTus
NA04a, @ TAaK¥Ke NOBbILLAETCA PUCK PA3BUTUA NPeIKNaMncum. JaHHble
PUMCKM BO3PACTAIOT eLLg 60o/bLUe B CTy4ae YBEAUYEHWUS KOHLIEHTPALIMM
rOMOLMCTEMHA B KPOBWM, NPOLLECCbl 0OMEHA KOTOPOrO TECHO CBA3aHbI
C npoueccamn obmeHa donatos [43, 44].

Mo HeKOTOPbIM AaHHbLIM, UCMONb30BaHWE GONUEBON KUCAOTbI
[l0 POAOB U BO Bpems BEPEMEHHOCTM Y KEHLUMH C OXKUPEHUEM CHU-
3u/1 PUCK pa3suTua nnogos ¢ AHT [50].

Kak cnpasegnneo otmevatoT ®odaHosa W.H0. u Mpunenckas
B.H. «...ponveBas Kucnota HeNoCcpeACTBEHHO BAMAET Ha CTaaum dop-
MWPOBaHUA HepBHOW TPYOKM y aIMBpPUOHa M y4acTBYeT B npoLiecce
obmeHa KapbOHOBbIX KMC/IOT, BK/OYatowero obpasoBaHue nupw-
MWIMHOB M NYPUHOB, Y4acTByOLWWMX B penaunkaumm OHK Bo Bpems
[eNneHna KNeTok, U AONOAHUTENbHOE BbiAeNeHWEe METUbHBIX Fpynn
4NA Makpomonekyn npu cuHtese JHK, 6enkos, cMnuaos, To ecTb
nponudepauum Knetok. ONTUManbHas MyNbTUNMKALMA KIETOK
MMeeT OCHOBHOE 3HayeHWe B 3aKpbITUM U GOPMUPOBAHUM HEPBHOW
TPY6KM, 3aKPbITUE KOTOPOW NPOUCXOAMT Ha 17-18-e cyTkM nocne 3a-
4aTUA. 3HAYMMOCTb GONMEBON KUCNIOTbI B MPOLLECCAX PA3BUTMA N104aA
1 GopMMPOBaHMA NAaLEeHTbl 06ycnoBAEHA €€ y4acTMeM B METUANPO-
BaHuM [HK. OcHoBHOI dyHKUMel npouecca metuanposanua HK B
NPOKapuoTax ABAAETCA MOHUTOPUHT TOYHOCTU AyBAMPOBaHUA, a TaK-
K€ KOHTPO/Ib BbIIBNEHUA U IMKBUAALUM YYKEPOAHOrO maTepuana. B
BMAY TOro, 4to MeTunmposaHue AHK nmeet obpatumblin xapaktep u
He UMeeT NPAMON CBA3M ¢ nocnesoBaTensHocTbio JHK, AaHHbIV npo-
LLeCC MOXXHO OTHECTU K 3MUTeHETUYECKOMY MEXaHWU3My MOHUTOPUHTA
NpoLLecca TPaHCKPUNLMK U TeHHOW 3Kcnpeccum» [51].

Takum 0b6pasom, Nnpon3BoaHble GOAMEBOIN KUCNOTbI NPUHUMAIOT
yyacTve B OCHOBHbIX npoueccax metabonn3ma, NpoTeKaloLwmx B op-
raHusme. Tak, MyctotnHa O.A. n AxmegoBa A.D. [45] oTmeuyatoT, YTo
nocnefHWe UMeT BaXKHOE 3HaYeHWe B CUHTE3E HYKNEOTUAO0B U pe-
navkaumun OHK, 6narogapsa KoTopbiM npoucxoaut dusmonornyeckoe
[eNeHne KNeToK U obecneyrBaeTca UX HOpMabHbI pocT. B cnydae
HexBaTKM GONMEBOW KUCNOTbI BO3HWMKAKOT PacCTPOWCTBA B npouecce
penavKaLmm, YTo OKa3blBAaeT HEraTMBHOE BAMAHME Ha BbicTpo npo-
NudepupyloLme KNeTKU, Takne KaK KNeTKU KPOBETBOPHOW CUCTEMDI
W anuTenvouuTbl. B pesynbTaTe BO3HMKAIOT PacCTPOMCTBA B MpoLec-
Ce KPOBETBOPEHMSA B KOCTHOM Mo3re, U 06pasyetca meranobaacTHbli
BapMaHT KPOBETBOPEHMS, Habatoaaembli Npu meranobnactHou aHe-
MUel. YMeHbLIAETCA YACNO0 KPACHbIX KPOBAHDBIX KNETOK U NEMKOLMUTOB.
Bcnepctene moBpexaeHWA 3NUTENMOLMTOB HapyLIAOTCA MpoLecchl
pereHepaLym KOXKHOM TKaHW U CM3UCTbIX 06o104ek [45].

Ha ¢oHe yBenuyeHus comatuyeckux 3abonesaHuin U uncna
OCNOXHEHWUI BO Bpems BepeMeHHOCTU HabnoAaeTca U yBennyeHmne
YacToTbl BCTPEYAEMOCTU PACCTPOMCTB HEPBHOM CUCTEMBI Y AETel B
Bo3pacTe Ao 1 roga, kotopaa no gaHHbim BO3 coctasnset 20%. K oc-
HOBHbIM (aKTOpam, HEraTMBHO BAMAIOLWMM Ha ucxoabl bepemeHHo-
CTW, OTHOCAT W YBE/IMYEHWE KOHLIEHTPaL MM FOMOLMCTEMHA B KPOBMH,
KOTOpPOE NPUBOAMT K MATONOMMYECKUM U3MEHEHWAM B CTEHKAX COCY-
£10B. NP1 3TOM OCTAKOTCA MaNOU3y4EHHBIMM BOMPOCH! BAUAHUA r1Nep-
rOMOLMCTEMHEMMUYECKOTO COCTOAHUA Y MaTepU Ha COCTOAHME 340p0-
BbA poavBLIeroca pebéxka [10].

YBe/MyeHNe KOHLEHTPALMM FOMOLMCTEMHA B KPOBU MOXKET
NPMBECTU K BPOXAEHHBIM YPOACTBAM NA0AA U PA3BUTUIO Pa3/IMYHO-
ro PoLa aKyLWepPCKnx 3a60n1eBaHNI Y BeEPEMEHHbIX KEHLMH ¢ Gou-
eBogepUUUTHBIM cocToAHUEM. [OMOLMCTEMH npeAacTaBnAeT coboii
aMWMHOKMCAOTY, B COCTaBE KOTOPOM COAEPXKMTCA cepa, M ABAseTcA
NPOMEXYTOUHbIM NPOAYKTOM MeTabonn3ma METMOHWHa, B mpoLec-
Ce pemeTUIMPOBaHMA KOTOPOro NPUHUMAET yyacTie 5-meTun-TeTpa-
ruapodonar. fomoumctenH 061aaaeT 3HAUYUTEIbHBIM TOKCUYECKUM
BAUAHMEM Ha KNETKU. Y 31l0pOBOro YesI0BeKa ypoBEeHb KOHLEHTPpaLIMK
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influence of a maternal hyperhomocysteinemic state on the new-
born's health status remains poorly understood [10].

An increase in the serum concentration of homocysteine
can lead to congenital fetal malformations and various obstetric
complications in women with folate deficiency. Homocysteine is
an amino acid that contains sulfur and is an intermediate prod-
uct of methionine metabolism in the remethylation process, of
which 5-methyl-tetrahydrofolate takes part. Homocysteine has a
significant toxic effect on cells. A healthy person's homocysteine
concentration in the blood is 10-12 pmol/l. However, during preg-
nancy, a physiological decrease in this indicator to 3-5 umol/l is
observed, ensuring safety for the fetus's health [43].

Cells are protected from the adverse effects of homocyste-
ine by several mechanisms, including remethylation. With a lack
of folate, the converting homocysteine to methionine is impaired,
resulting in the accumulation of homocysteine in cells. An in-
creased cellular homocysteine concentration leads to DNA dam-
age and metabolic disorders. It results in dysfunction and death
of the affected cell and an increase in the serum concentration
of homocysteine. In addition, homocysteine freely crosses the
placental barrier and has teratogenic and fetotoxic effects. Hy-
perhomocysteinemia can lead to severe fetal congenital such as
anencephaly, spina bifida, and microcephaly. The malformations
often occur in combination with facial skull anomalies and others
combined under the umbrella term of NTDs [14].

A serum homocysteine concentration of more than 10
umol/l increases the risk of stroke, heart attack, CAD, and venous
thromboembolism. The accumulating homocysteine damages
the vascular endothelium and activates procoagulant activity,
promoting thrombosis and atherosclerotic plaque formation [10].

Hyperhomocysteinemia is one of the acquired thrombophil-
ias. Hyperhomocysteinemia can impair the maternal hemostatic
system adaptation, cytotrophoblastic invasion, placentation and
fetal-placental circulation formation. The latter occurs due to the
coagulation cascade's activation, fibrinolysis disorders and endo-
thelial dysfunction. As a result, complications in early pregnancy,
such as miscarriage and infertility due to impaired embryo im-
plantation, are observed. Furthermore, endothelial dysfunction,
microthrombosis and microcirculatory disorders can occur in the
intervillous space and placental vessels. In addition, an imbalance
between thromboxane A2 and prostacyclin concentrations in
the presence of thrombophilia, leading to spiral arteries spasm
and increased resistance to blood flow in the uterine arteries,
results in placental insufficiency and severe obstetric complica-
tions. Also, with hyperhomocysteinemia, the risk of widespread
damage to small blood vessels in the second half of pregnancy
increases clinically manifested as preeclampsia. In the last trimes-
ter, hyperhomocysteinemia can lead to placental insufficiency
and fetal hypoxia. As a result, the birth of small children with the
presence of various types of complications can be observed [51].

An increase in serum homocysteine level and a decrease in
folate in women in the early gestational period is the reason for
the neonate's low placental and birth weight. It is also associated
with an increased risk of adverse pregnancy outcomes. Therefore,
hyperhomocysteinemia and folate deficiency in early pregnancy
may adversely affect placentation, overall pregnancy success and
birth outcomes [52].

Thus, the literature review showed that with folates defi-
ciency in the early gestational period and hyperhomocysteinemia,
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romoLMcTenHa B Kposu cocTasnseT 10-12 MKMONb/A. Y KeHLMHbI B
nepvop, 6epemeHHOCTV HabntogaeTca GU3MONOrMYECKOe YMEHbLUe-
HWe AaHHOrOo noKasaTens 4o 3-5 MKMosb/A, uTo obecneynsaeT 6e30-
NacHOCTb A4/1A 340poBbsA Nnoaa [43].

Y 340p0BOro YesoBeKa 3alUMTy KAETOK OT HebaaronpuaTHOro
BO34eMCTBMA romoumcTeMHa obecnedumBaeT pag MeXaHU3MOB, K YnC-
NIy KOTOPbIX OTHOCUTCA pemeTunnpoBaHue. Mpu HexeaTke ¢onaTos
peakumsa NpeBpaLLeHNUs TOMOLMCTEMHA B METUMOHWMH ocnabnsetcs, B
pesynsTaTe Yero MPOUCXOAUT KYMYNALMA FOMOLMCTEMHA B KAETKaXx.
MOBbIWEHHAA KOHLEHTPALMA TOMOLMCTEMHA B KNETKE MOMET Mpu-
BECTU K nopaxeHuto [HK, meTabosmyeckum paccTpoiicTBam BHYTpU
K/NETKW, B pPe3y/ibTaTe Yero BO3HUKAKOT HAPYLIEHUSA KNEeTOUYHbIX QyHK-
LM, BNAOTb A0 rMbenm NopaKEHHOMN KNETKU, U YBENNYEHWE KOHLIEH-
TpaLyM roMOLMCTEMHA B N1a3Me KpoBU. CTOUT OTMETUTb, YTO FOMOLU-
CTeVH cBOHOAHO MpeoaoneBaeT NaaLeHTapHbIN bapbep 1 obnagaert
TepaToreHHol 1 GpeTOTOKCUYECKOM CNOCOBHOCTbLIO. BbINo ycTaHOBNEe-
HO, YTO TMNEPrOMOLUCTEUHEMMUA MOKET MPUBECTU K TAKUM TAKENBIM
BPOXAEHHBIM NOPOKaM Pa3BUTMA N0AA, Kak aH3HLEepanma 1 pacuie-
n/IeHne NO3BOHOYHWMKA, MUKpoLedanma, KOTopas YacTo BCTpeYyaeTcs
B COYETaHWM C aHOMANUAMU PA3BUTMA NULLEBOTO Yepena, v Apyrue,
KOTOpble 06beAMHAOTCA Nog 06LWwmMm noHaTvem — AHT [14].

KoHueHTpauusa romoumctenHa 6onee 10 MKMOJIb/A B CbIBOPOT-
Ke KPOBM YBE/NIMYMBAET PUCK MHCYNbTa, MHdapKTa, UBC, BEHO3HOM
Tpomb60o3ambonmn. HakanMBatoWMicAa roMOLMCTEUH NOBPEXKAAET 3H-
[OTeNNiA COCYA0B, aKTUBMPYET NPOKOAryAAHTHYIO aKTUBHOCTb KPOBMU,
cnocobcTByA TPOM6006Pa30BaHMI0 M GOPMUPOBAHMIO aTEPOCKIEPO-
TUYeCcKux bswek [10].

TMNeproMouuCcTEMHEMMUA OTHOCUTCA K YMCIY NPUOBPETEHHbIX
TpombodUAMiA. YBenmyeHne KOHLEHTPALMMU FTOMOLIMCTENHA B KPOBU
MOXKET MPUBECTU K PacCTPOICTBY npouecca pU3MonorMieckoin agan-
TaLMM reMOCTaTUYECKOM CUCTEMbI Y KEHLLMHbI B Nepuog bepemeHHo-
CTW, UMTOTPODOONACTUYECKON MHBA3UM, NAALEHTaLMKM U 0bpa3oBa-
HWA eTonnaleHTapHOro KpoBoobpalleHus (BCneacTBue akTMBaLMK
MPOLLECCOB KOAry/ALMM, paccTporcTea GUbPUHONUTUYECKUX NPOLLEC-
COB ¥ Pa3BMTUA 3HAOTENMANbHOMN AMCYHKUMM). B pesynbTate moryT
BO3HMKHYTb TakMe OC/MIOXKHEHMA Ha pPaHHMX CPOoKax BepemeHHOCTH,
KaK HeBblHaWMBaHWe u becnaoaune, 0bycNOBAEHHbIE HAPYLUEHUAMM
MMMAaHTaLMM 3apoAaplla. IHAOTENNANbHAA AMCOYHKLMA, 0bpa3oBa-
HME MUKPOTPOMB0308B M MUKPOLMPKYAATOPHbIE PACCTPOICTBA B MEX-
BOPCMHYATOM NPOCTPAHCTBE M NAALEHTAPHbIX COCYAAX, a TAaKXKe Hapy-
LeHue Ha GoHe TPOMBODUINM PAaBHOBECHA MEXAY KOHLEHTPALMUAMU
TpomboKcaHa A2 1 NPOCTaUMKAMHA, BeAyLEe K Crnasmy CNupasibHbIX
apTepuit 1 BblPaKEHHOMY YBEAMYEHMIO PE3UCTEHTHOCTM MATOYHbIX
COCYA,0B, CTAHOBATCA NPUYMHAMM Pa3BUTUA NNALEHTAPHON HeaoCTa-
TOYHOCTM U TAMKENDIX aKYLLIEPCKMX OCNONKHEHMIA. TaKKe Npu runepro-
MOLMCTEMHEMMM NOBBLILIAETCA PUCK FeHEPaNN30BaHHOIO NOPaXKEHMA
ME/IKMX KPOBEHOCHbIX COCYA0B BO BTOPOW MOJ0OBMHE recTaLMOHHOIo
nepuoaa, KOTOpoe KAMHUYECKM BbIPaXKaeTcs B BUAE MPE3KNaMNCum,
a B noc/efHeM TPMMECTPE CPOKa recTauymn rmnepromoLmcTenHemms
MOXET NPUBECTM K Pa3BUTUIO XPOHMYECKOW $eTonNaLeHTapHON He-
[LOCTaTO4HOCTU M XPOHUYECKOW BHYTPUYTPOBHOW rMnokeum nnoga. B
pe3ynbTaTe MOXKET HabAATLCA POXKAEHME MAIOBECHBIX AeTel ¢ Ha-
JIMYMEM Y HUX PA3IUYHOTO XapaKTepa OCN0XHeHWA [51].

YBenmyeHne CoaepKaHMA B KPOBM FTOMOLIMCTENHA U CHUMKEHME
cofiepaHma GOoNaToB Y KEHLWMH B PaHHEM recTalMOHHOM Nepuoae
AB/IAETCA NPUYMHOM MANOTo Beca MAaLeHTbl U pebEéHKa Npu poxae-
HWK, @ TaKXKE COMPAMKEHO C MNOBbILWEHHbIM PUCKOM BO3HWKHOBEHWS
HebnaronpuaTHbIX 1cxodos BepemeHHocTH. CnegoBaTenbHo, runep-
romoumcTenHemma n aeduumt GoaaToB Ha PaHHMX CPOKax bepemeH-
HOCTU MOTYT HEraTVBHO BAWATb HA MAALEHTALMIO WM BNOCAEACTBUU
B/IMATb Ha ycnex 6epemeHHOCTY U MCX0A0B poaos [52].

the risk of maternal complications in pregnancy significantly in-
creases, which is manifested by miscarriage, as well as the occur-
rence of fetal malformations and the development of the most
formidable complication of pregnancy — premature separation of
the normally implanted placenta. Therefore, with the above, it is
necessary to carry out high-quality preconception and antenatal
care in the early stages of pregnancy with folic acid supplements.
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Takum 06pasom, NpuBeAEHHbIM 0630p NMTepaTypbl MOKasan,

YTO NMPU CHUKEHUM CopepiKaHWe GONaTOB Y XKEHLUMH B PaHHEM recTa-
LIMOHHOM Nepuoae U rMNepromoLUCcTEMHEMUM 3HAUNTENBHO MNOBbI-
LIAETCA PUCK Pa3BUTUA OCNOKHEHUI Y XKEHLLWH B NEPUOS, recTaLum,
KOTOpPbI NPOABAAETCA HEBbIHALUMBAHWEM GEpPeMEHHOCTH, BO3HMK-
HOBEHMEM MOPOKOB Pa3BUTUA MIOAA M Pa3BUTUEM CaMOrO FPO3HOMO
OC/IOKHEHUA BepemMeHHOCTU — MPEXKAEBPEMEHHOW OTCNOMKKU HOp-
MasIbHO PacnooXKeHHOM NAaueHTbl. B €BA3M € yKasaHHbIM, Heobxo-
ZLMMO NPOBOAWTL KaYeCTBEHHYHO NPerpaBMapHyto NOATOTOBKY U aH-
TEHaTaNbHbIN YXOA Ha PaHHKX CTaAUAX 6EPEMEHHOCTU C BKAOYEHWEM
npenapartoB $OMEBON KMCIOTbI.
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