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Abstract

The article “Physiology and regulation of development of fetus and newborn child (Part =
of Sofvat Hassan and Beketova G. modern data on the physiological aspects of regulatory dews-
opment of the fetus and newborn child are presented. The most recent data on the effect of ==
maternal genome and environment, state of uterine blood flow, hypoxia, chronic diseases, mate=a
smoking, role of the placenta in fetal development are discussed. The data on metabolic anc ==
docrine functions of the placenta are presented as well. Questions regarding endocrine regulztion
of fetus and newborn child will be discussed in the second part of the article.
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Pesiome

B cratbe «®Dusnonorua n perynnpoBaHue passutua nnoga (4actb I)» Codear XaccaHa, bexkeromaon
I.B. npepcraBneHbl cOBpeMEHHbIE laHHble, KacaroLmeca GprU3nonormyecknx acnekToB perynupos:
Hus paseutya nnoga. O6cykaaTca Hanbonee COBPeMEHHbIE JaHHbIE O BAVAHUM MaTepuHCss
reHoma 1 OKpy»aloLlein cpefbl, COCTOAHWA MaTOYHOIO KPOBOTOKA, MMMOKCUMW, XPOHUYECKIMK 3250
NeBaHWUi, KYpPeHua MaTepy, ponu niaueHTbl B pa3sutin nnoga. NpeacragneHbl faHHbIe O MeETa0
NYECKON N SHOOKPUHHON QYHKUMAX NnaueHTbl. Bonpockl, Kacawowmecs SHAOKPUHHOW peryma
pasBMTUA NNOAA U HOBOPOXKAEHHOTO pebeHKa, ByayT paccMOTpeHbl BO BTOPOI YacTK CTaTem.
Kniouesbie cnosa: Nnof, HOBOPOXAEHHbIN pebeHOK, pa3BuTHe, perynaums, nnaueHTa.

The environment in which the fetus develops plays an important /o =

its growth and development as it is critical for fetal survival and long ==
. health [215]. The regulation of normal human fetal growth involves ==
multidirectional interactions between the mother, placenta, and fetus T
mother supplies nutrients and oxygen to the fetus via placenta. The =
influences the provision of maternal nutrients via the placental prac
tion of hormones that regulate maternal metabolism. The placentz = &%
site of exchange between mother and fetus and regulates fetal grow=" «&
production and metabolism of growth-regulating hormones such 2= =
and glucocorticoids. Adequate trophoblast invasion in early pregnancy =
increased utero-placental blood flow ensure sufficient growth of the uisns
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olacenta, and fetus. The placenta may respond to fetal endocrine signals to
ncrease transport of maternal nutrients by growth of the placenta, by acti-
vztion of transport systems, and by production of placental hormones to in-
“uence maternal physiology and even behavior (Endocrine Reviews, 2006).

The Role of Mother in Fetal Growth and Development

The maternal genome and the maternal environment: Normal fetal
growth involves an increase in cell number during embryonic and fetal de-
velopment, followed by an increase in cell size, which become dominant
after 32 weeks gestation. Fetal growth and development are influenced by
genetic as well as environmental factors. Maternal genes have an impor-
tant specific influence over fetal growth [221]. In particular, maternal height,
which represents uterine capacity and the potential for growth, is a major
determinant of fetal size. Although, the birth weights are similar and corre-
late among siblings, it is known that environmental influences are also im-
portant in determining growth. This is demonstrated by the fact that birth
weights are more closely related in half-siblings with the same mother than
in those with the same father [103]. In the study of pregnancies involving
ovum donation, Brooks et al. [36] found that the only factors contributing
to birth weight were gestational age and the recipient mother’s weight,
whereas the weight of the donor mothers was not related to birth weight.
These studies indicate that the uterine environment is a key determinant
of fetal growth [36]. A variety of maternal and uteroplacental factors limit
the growth of the fetus. Maternal constraints refer to the limited capacity
of the uterus to support fetal growth and are important to limit fetal over-
growth and the subsequent dystocia, to ensure the capacity of mother for
future successful pregnancies. Maternal constraint may be supply limited,
by maternal size or nutrient availability, or may be demand driven as in the
case of multiple pregnancies [104].

Maternal nutrient intake: The mother is the supplier of oxygen and essen-
tial nutrients to the fetus via the placenta. Maternal diet, caloric intake and
metabolic function each have an important role to play in supplying nutrients
to the fetus. In addition, alterations in maternal metabolism in response to
hormonal signals ensure a redirection of required nutrients to the placenta
and mammary gland [222]. Increased caloric intake is necessary during the
second-and third trimesters to cope with most fetal and placental growth
[222]. Protein intake may be particularly important, and whereas some stud-
ies found a relationship between low protein intake in late pregnancy and re-
duced birth weight [105], others found no effect of protein supplementation
on fetal growth in undernourished mothers [45]. Nonetheless supplementa-
tion of calories or specific vitamins to undernourished women may increase
birth weight in situations of acute and or chronic starvation [45], for example,
folic acid, iron and vitamin A supplementation to pregnant women in Nepal
resulted in an increase in mean birth weight of 37 g and a 16% reduction in
the rate of low birth weight compared with pregnant women given vitamin
A alone. However, multiple micronutrient supplementation with folic acid,
zinc, iron, vitamin A and 10 other micronutrients was not of additional benefit
compared with folic acid and iron, suggesting that iron deficiency may be an
important cause of reduced fetal growth. A Cochrane systematic review of six
randomized controlled trials found that balanced protein-energy supplemen-
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tation was able to reduce the risk of small for gestational age (SGA) neonates
by approximately 30% [164]. Glucose is an important nutrient in the control of
fetal growth. Studies of diabetic women have shown that low blood glucose
levels during pregnancy as a result of excessively tight glycemic control leads
to a greater incidence of small for gestational age (SGA) neonates whereas
having high blood glucose levels contributes to a high incidence of macroso-
mia [170]. Different protein sources may also have specific influences on feta!
growth due to their amino acids and micronutrients composition. There is cor-
relation between dietary protein intake and placental weight & femur length
(105, 52].

Maternal uterine artery blood flow: Increased uterine blood flow is es-
sential to meet metabolic demand from the growing uterus as well as the
placenta and the fetus [161]. The maternal blood volume and cardiac out-
put increase by approximately 40% during pregnancy [229], and the tota!
uteroplacental blood flow represents 25% of cardiac output [161, 266] found
that uterine artery volume flow rate increased by more than 3-fold during
pregnancy, partly influenced by an increase artery diameter and reduced
resistance to flow [266]. In addition to increased uterine blood flow during
normal pregnancy, the development of new blood vessels also occurs in
the uterus, possibly promoted by the placental hormones, human chorionic
gonadotropins (hCG) and IGF2 [300]. Using Doppler assessment of the uter-
ine arteries at 23 weeks gestation, Albaiges et al. [4] identified that uterine
artery blood flow resistance was associated with an increased risk of subse-
quent small for gestational age (SGA) neonates [4].

Influences on Maternal Development during Pregnancy

Maternal hypoxia. Maternal hypoxia influences fetal growth, and its ef-
fect is independent of socioeconomic status, prematurely, maternal smok-
ing, pregnancy-induced hypertension and parity [146].

Maternal inflammatory diseases: The presence of maternal inflammatory
disease may contribute to reduced fetal growth. We have investigated the
effect of maternal asthma on fetal growth and placental function. Previous
epidemiological studies have linked maternal asthma with an increased risk
of low birth weight [174]; however, the mechanisms are poorly understood.

Maternal smoking and drug use: Maternal cigarette smoking is associat-
ed with reduced birth weight, and early reports suggested a doubling of the
rate of low birth weight in smokers compared with nonsmokers and a dose-
dependent effect with increasing number of cigarettes smoked [180]. More
recent studies demonstrate a 3.5 fold increased risk of small for gestationz
age (SGA) neonates in women who smoke during pregnancy. [13] with 2
greater effect on low birth weight with increasing maternal age [228]. Mater-
nal smoking affects the entire rang of birth weights shifting the birth weigh:
distribution curve to the left [228]. The mechanism of the effect of maternz
smoking relates to both the higher levels of carbon monoxide in materna
blood that cross the placenta to the fetus, leading to fetal tissue hypoxemiz
and the vasoconstrictive effects of nicotine [206]. In addition to, there may
be an interaction between maternal smoking and nutritional intake, which
adversely affects fetal growth. Women who smoke have different diets from
non-smokers due to suppression of appetite by smoking. Components of
cigarette smoke have effects on amino acid transport from the mother
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fetus. In vitro, nicotine has been demonstrated to reduce activity of the ma-
jor transporter of the microvillus membrane, sodium-dependent system
A, in human placental slices suggesting an independent effect of nicotine
associated with intrauterine growth retardation (IUGR) [85]. Such changes
in amino acid transport are significant for the development of intrauterine
growth retardation (IVGR), due to the small difference between the placen-
tal capacity to transport amino acids and fetal demand [2191.

Role of placenta in fetal growth and development: Development of pla-
centa is a highly regulated process that is essential for normal fetal growth
and development, and for maintenance of a healthy pregnancy. The pla-
centa fulfills several critical rules as the interface between mother and fetus;
preventing rejection of the fetal allograft; adequate trophoblast invasion; an
increase in utero-placental blood flow during gestation; transporting and
metabolizing nutrients such as glucase and amino acids from mother to
fetus and production and transfer of growth regulating hormones and pep-
tide [276]. The placenta receives and transmits endocrine signals between
the mother and fetus. The total placental surface area for exchange is lim2
at term [3; 158]. In fetal growth restriction, both the placental villous surface
area and placental volume are decreased [158]. Adequate placental growth
is essential for adequate fetal growth. Small for gestationat age (SGA) neo-
nates have significantly reduced placental weights compared with appro-
priately grown neonates of the same birth weight [128].

Function of Placenta

Trophoblast invasion and increased uteroplacental blood flow

Adeguate trophoblast invasion is required to sustain fetal growth, when
the blastocyte adheres to the uterus, fetal trophoblast cells differentiate into
villous and extravillous cells [276; 229]. Migration and invasion of extravil-
lous cyto-trophoblast into the maternal uterine epithelium are processes
that are essential for increased uteroplacental blood flow as pregnancy
progresses [229]. Maternal uterine spiral arteries are transformed into larg-
er, low resistance vessels, capable of transporting the increased maternal
blcod to the placenta [182]. The absence of trophoblast — induced changes

_in decidual or myometrial segments of spiral arteries is a feature of some
-_pregnancies complicated by fetal growth restriction [161). The cyncytio-
_frophoblast cell layer, which is differentiated from c¢yto-trophoblast cells,

is the site where hormones such as estrogen, progesterone, hCG, placen-
tal lactogen, and placental growth hormone are produced to maintain the
pregnancy [104]. Increased blood flow during pregnancy increases the flow
of nutrients from the mother to the fetus. Utero-placental blood flow was
shown to be reduced by up to 50% in women with preeclampsia. Also there
is a decrease in number and surface area of terminal villi in intrauterine
growth restriction (IUGR), representing a malfunction of vascularization in
these pregnancies [300]. Many studies suggest the importance of tropho-
blast invasion and changes in Utero-placental and umbilical blocd flow for
maintaining appropriate fetal growth through the supply of oxygen and
nutrients [13; 84; 18: 68].

Transport of nutrient and specific substance across the placenta

The placenta is a metaholically active organ that extracts 40-60% of
the total glucose and oxygen supplied by the uterine circulation [22]. The
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remaining nutrients and metabolites are transferred across the placenta to
the fetus by passive diffusion, facilitated diffusion, active transport and en-
docytosis or exocytosis [247]. Transport by passive diffusion (of oxygen, car-
bon dioxide, and urea) is limited by the placental exchange area and blooc
flow. Facilitated diffusion (of glucose and lactate) involves transfer down 2
concentration gradient by a carrier molecule, without a requirement for ad-
ditional energy. Active transport requires both carrier proteins and the input
of additional energy [22]. Placental transfer increases as the fetal growth rate
increases [247].

Respiratory gas exchange: Both oxygen and carbon dioxide are lipophil-
ic molecules which will cross the placenta by simple diffusion. The placentz
membraneés are highly permeable to 02 and CO2 thus blood flow is the rate
limiting step for exchange of the respiratory gases across this tissue. The par-
tial pressure and the difference between maternal and fetal hemoglobin &
finity for O2 are two important factors that determine rate of exchange [43].

Amino acid transport: Amino acids are essential for fetal growth as they
are the components of protein synthesis. Additionally, their degradation
and interconversion to intermediate substrates gives rise to synthesis of ei-
ther glucose or ketone bodies. The placenta plays a critical role in the deliv-
ery of amino acids to the fetus. Transfer involves three fundamental steps
uptake from the maternal circulation across the micro-villous membrane
transport through the trophoblast cytoplasm, and transport across the bas-
al membrane in to the umbilical circulation [227]. Transport systems within
the trophoblast can be either sodium-dependent or sodium-independent
and differ based on their ionic substrates [227; 144]. Amino acids may alsc
be metabolized and processed by the placenta. For example, leucine is de-
aminated in the placenta and the deaminated product and leucine itself are
both transferred to the fetus [177]. In fetal growth restriction there are z/-
terations in amino acid transport by the placenta and uptake by the fetus.
The fetus may influence the expression of placental amino acid transporters
in response to a slowing of fetal growth. Studies in transgenic mice lacking
the PO transcript of the IGF-Il gene found that whereas there was a decreas=
in a passive diffusion of nutrients in association with reduced growth, ther=
was an up-regulation of active amino acid transport, possibly as a compen-
satory mechanism to attempt to improve fetal growth, the fetus may signz
to the mother, through the placenta, that more nutrients are required in the
case of poor growth.

Glucose transport: Glucose is the main source of energy for the human
fetus and placenta as the glucose is the primary substrate for fetal oxidz-
tive metabolism, thus its efficient transfer across the placenta is essentiz
for normal fetal growth and development. The placenta itself is not capable
of producing appreciable amounts of glucose until late in gestation [27&
and the fetus produces minimal amounts of glucose, thereby requiring
glucose transport from the mother for glycogen synthesis. The process of
glucose transport from the mother is carried out by facilitated diffusion us-
ing transporters found on the maternal and fetal sides of the trophoblas:
[188]. Glucose transporter 1 is found in abundance in the micro-villous
membrane of the syncytio-trophoblast at levels three times higher than the
basal membrane [142; 21]. In normal pregnancy; there is a state of insulin
resistance so as to increase glucose availability for the fetus. Insulin resis-
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tance is exacerbated in diabetic pregnancy, where the mother may become
hyperglycemic, leading to fetal hyperglycemia. As a result of fetal hypergly-
cemia, there is increased production of insulin, IGF-1, and leptin, resulting
in stimulation of fetoplacental growth [203]. Hypoglycemia in small for ges-
tational age (SGA) fetuses may be related to reduced supply and transfer
of glucose across the placenta [72]. In a perfusion study, baseline glucose
consumption was 2-folds higher in preterm intrauterine growth restriction
(IUGR) placenta compared with normally grown preterm placenta, suggest-
ing that placental consumption of glucose may contribute to alterations in
maternal-fetal concentration differences in glucose. However, there was no
changes in glucose transfer to the fetal side of the placenta [4], confirm-
ing previous work showing no alteration in glucose transporter expression
or activity in intrauterine growth restriction {{IUGR) placenta [142]. Another
study found that the maternal-fetal glucose concentration gradient was
increased in relation to the clinical severity of intrauterine growth restric-
tion (IUGR), possibly representing an adaptation to maintain glucose uptake
across the placenta [188].

Fatty acid transport: Fatty acid are essential for fetal development, both
as an energy scurce and also as a precursor for several important bioactive
compounds, such as prostaglandins and thromboxane. In the third trimes-
ter, fatty acids are required for changes in fetal tissue composition ,particu-
larly that of the brain and adipose tissue [276].

The placenta has a considerable capacity for fat uptake and transport
of fatty acids. Uptake involves the breakdown of triglycerides (from mater-
nal adipose tissue) to free fatty acids and glycerol and re-esterification with
intracellular generated glycerol phosphate and this conversion is mediated
by lipase activity [276]. Free fatty acids may be transported across the pla-
centa via passive diffusion as well as by fatty acid binding proteins and fatty
acid transfer proteins in the microvillus and basal membranes [114; 97].
The essential faity acid, linoleic acid, was found to be significantly higher in
intrauterine growth restriction (IUGR) placenta compared with those from
appropriately grown fetuses [218], which may have implication for fetal
brain development [60]. The activity of lipoprotein lipase, and triglyceride
hydrolase in microvillous membrane, was recently found to be reduced in
preterm; intrauterine growth restriction (IUGR) samples compared with ges-
tational'age-matched controls [184].

Metabolic and Endocrine function. The metabolic and endocrine
functions of the placenta are a complex network of substrate/hormone pro-
duction and metabolism that must be tightly controlled to ensure normal
fetal growth and development, and maintenance of a healthy pregnancy
[276].

Metabolic functions: The placenta is capable of synthesizing glycogen
and cholestercl, which are energy source to the developing fetus. Addition-
ally, cholestercl is an important precursor for hormone production by the
feto-placental unit.

Glycogen synthesis. The placenta is capable of synthesizing apprecia-
ble amounts of glycogen, which it stores as an energy reserve. The uptake
of glucose from the maternal circulation is a rate limiting step in this pro-
cess, which involves a series of enzymes and regulators. Of particularimpor-
tance is the enzyme glycogenic, which is co-expressed with the high affinity
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GLUT-3 transporter in the endothelium, basal deciduas, and invading extrz
villous trophoblast of the human placenta [115].

Cholesterol synthesis. The demands for cholesterol in the fetus are
high and, in early pregnancy, maternal cholesterol contributes substantially
to this requirement. In late gestation, the fetus'itself synthesizes cholesterc’
from placental stores of fatty acids established from maternal body fat accu-
mulation in early pregnancy. Placental cholesterol is an important precursor
for placental production of progesterone and estrogens [130].

Protein metabolism. Protein metabolism in the placenta is largely gov-
erned by the demands of growth throughout gestation. At week 10, placen-
tal protein production is approximately 1.5 gram per day, but by term this
figure rises to 7.5 gram daily [241].

Lactate metabolism: Lactate, a waste product of metabolism, is producec
in large quantities by the placenta and therefore needs to be efficiently re-
moved. L-lactate transporters are active on the microvillous membrane of
human placenta and are present on the basal membrane [241].

Endocrine functions: During human pregnancy, the placenta is an im-
portant endocrine organ. The placenta is not innervated; hence any commu-
nication between the mother, and the fetus must involve humoral agents.
The signaling molecules secreted by the placenta can act locally through
paracrine and autocrine regulation. The placenta also acts as an important
endocrine organ and is responsible for the release of hormones into both
the fetal and maternal circulation. The main site of production of the placen-
tal hormones is the trophoblast of the chorionic villi [276].
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®dusnonorus n perynuposaHue pa3suTtna nnopa (vacto 1)

Cpefa, B KOTOPOIA pa3BuMBaeTca Mnaof, urpa-
eT BaXKHYI0 POJib B €ro pocTe 1 PasBuTAmM 1 nme-
€T pellaulee 3Ha4eHne ana BbiXKUBaHWA Nnoga
1 GOPMUPOBaHWA €ro 340POBbA Ha ANUTENb-
Hbl CpoK [215].

PerynuposaHue HopMmanbHOTO pocTa NNoaa
BKMoYaeT B ceba MHOMeCTBO pa3HoHanpaBneH-
HbIX B3aMMOJENCTBINN MEXAY MaTepblo, nnaleH-
TOW 1 nnogom. MaTb nocraenAeT nUTaTesNbHbie
BELLECTBa W KMCNOPOA K Niofy Yepes nnaueHTy.
Mpu 3TOM CMHTE3UPYIOTCA FOPMOHbI MAaueHTbl,
KoTopble perynmpytotT obMeH BelyecTs y maTte-
pwu. MTaK, nnaueHTa ABNAETCA MecTom obmeHa
mexay matepbio v nnogom. OHa perynvpyet
POCT Nnofa 4yepes CMHTE3 TakUX TOPMOHOB Kak
IGFs 1 rnokokopTUKonabl. AfeKBaTHoe BTOpMe-
Hue Tpodobnacta Ha paHHUX cpokax GepemeH-
HOCTW 1 MOBbILEHNE MATOUYHO-MNaLEHTapPHOro
KpOBOTOKa oObecrneunBaloT [OCTaTOYHbIA poCT
MaTKW, nnaueHTbl W nnoga. naueHta moxer
pearnpoBath Ha 3HAOKPUHHbIE CUFHanbl Mio-
fa Ana ysBennueHusa TpaHcnopTa MaTepuHCKUX
nuTatenbHbIX Belects. [poagyKuma nnaleHTap-
HblX FOPMOHOB BIMAET Ha GU3NONOTKIO U Aaxe
I'IO_BE,E[EHVIE maTtepw.

BnnAHme matepm Ha poCT M pasBUTHE
nnoga

MaTepuHCKUII FeHOM 1N OKpyKawouwan
cpepa. HopmanbHoe passuTve nnofa ces3a-
HO C yBeNUYEeHWeM Ynucna 1 pasmepa, KoTopbie
CTAHOBATCA AoMUHMpYlOWMMKA nocne 32 He-
penb 6epemeHHocTi. Poct 1 passutre nnopa
3aBUCAT KaK OT reHeTUYecKnx GpakTopoR, Tak U
oT GaKkTopoB OKpy:<aiollei cpenbl. MaTepuH-
CKMe reHbl UMEIT BaXKHOe BAMAHWE Ha pocT
nnopa [221]. B yacTHOCTK, pocT maTepu cooT-
HOCUTCA C pasmepamu MaTkn u GopMUpyeT no-
TeHUMan gna pocTta Nnoga, ABNAACh OCHOBHbLIM
dakTopom, onpegenswowWMM pasMep naoga.
HecmoTpa Ha To, 4TO Macca Tena nNpu poxae-
HWW MOXOXa W ConocTaBuma mexxay Gpatbamun
¥ CcecTpamu, W3BecTHO, YTO BO3AECTBUE OKpY-
MKalolein cpeabl Tak»Ke UrpaeT BaKHY0 Posb B
rnpouecce pocta [103].

Mpu 6GepemMeHHOCTM C WCMOSib3OBaHWEM
JOHOPCKOW ANLEKNEeTKN YCTaHOBNIEHO, YTO Ha
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Maccy Tena npv poXAeHUy BANAIOT TONbKO re-
CTaLMOHHBIA BO3pacT W BEC MaTepu, B TO Bpe-
MA KaK BeC JjoHOpa-maTtepu He 6bin cBA3aH C
Maccoin Tena pebeHka npu poxaeHun. 3T Uc-
CnefjoBaHnA NoKa3sblBaloT, YTO Cpefa MaTKu fAB-
NABTCA KNUEBLIM (pakTopom pocTta nnopa [36].
MonyyeHbl faHHble 06 OrpaHNUYeHHbIX BO3MOM-
HOCTAX MaTKu Ans Nofgaep:kaHna pocta nnoga.
310 MOXET ObiTb CBA3aHO C HEAO0CTAaTOYHbIM
KONMYECTBOM MUTaTeNbHbIX BELWeCTs WAn no-
BbILUEHHOW MOTPeBHOCTbIO, HANPUMEP B Clyvae
MHoronnofaHon 6epemeHHocTy [104].

MaTb ABNAETCA NOCTABLIMKOM KNCNIOPOAa U1
HeobXo4MMbIX MUTaTeNbHbLIX BELWECTB K nnomy
yepes nnaueHTy. MntaHne matepw, ero Kano-
PUIAHOCTb 1 MeTaboNM3M MMEIOT BaKHOE 3Haue-
Hvie B obecneyeHnn nuTaTenbHbIMK BellecTBa-
MK nnoga. Kpome Toro, M3MEHeHUs B MaTepuH-
CcKOM 0BMeHe BeLecTB B OTBET Ha ropmMoHanb-
Hble curHanbl obecneunBaloT nepeHanpasne-
HVe HeoBXOAVMBIX NUTATENbHbIX UHIPEAVEHTOR
yepes NAaueHTy 1 MOMOYHYI0 kenesy [222].

MNoBbilweHHOe noTpebneHne Kanopuin xus-
HeHHO Heobxogvmo Bo Il u lll TpumecTpax Gepe-
MeHHOCTY, uyToBbl CNpaBuTbCA C NoTpebHocTs-
MW pacTyLLero nnoga v nnawexTs! [221].

MoTpebneHiie 6enka MoXeT BbiTb 0cobeHHO
Ba)KHbIM, B TO BPEMA KaK HEKOTOpPbIE UCCNeao-
BaHWA MOKa3anu CBA3b MEMXJY HWU3KUM NoTpe-
6neHnem 6enka *KeHLWMWHON Ha NO34HNX CPOKax
6epemeHHocm M CHUMeHWeM Maccbl Tena pe-
6eHka npu poxpaeHun [105]. B To xe Bpema apy-
rve wuccnepoBaTtenn He 0BHaPYXUAW BAWMAHKUA
NpoTenHoBbIX A06ABOK Ha POCT Mnopa y mare-
peit, KoTopble HegoegatoT [45]. OgHako nonon-
HEHVE Kanopuil UK CreunanbHbie BUTAMVHbI
ONA MKeHLWWMH, CTPagalowmx oT HefoeaaHma, Mo-
KET YBENUUUTL Maccy Tena pebeHka npu pox-
LEHWW B YCNIOBUAX OCTPOrO U XPOHUYECKOTO
feduumTa Takux nuTaTenbHbiX BewecTs [221]:
donveBas KUCNOTa, Xene3o 1 BUTamuH A.

B KokpaHOBCKOM cucTeMaTyeckom ob3ope
wecT paHooOMWU3MPOBAHHbBIX KOHTRONUpPYEMbIX
nccnefoBanuid 6b1o nokasaHo, 4To ynorpebne-
Hue cbanaHcMpoBaHHbIX benkoBo-3HepreTUye-
CKUX [06aBOK CHU3WMO PUCK POXKAEHWS AeTel
C HM3KOW Maccoii ons npumepHo Ha 30% [164].
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BaKkHbIM MUTaTENbHbIM BELECTBOM A PO-
CTa nnopa AenAetca rmwokosa. O6cnegosaHuA
MKEHLMH-ANABeTUKOB MoKasanu, 4YTO HU3KWNA
YPOBEHb [NIOKO3bl B KpOBW BO Bpema Gepe-
MEHHOCTW B pe3ynbTate Ype3MepHO MKeCTKOro
KOHTPONA IMUKEMWW NPUBOAWT K Gonbluen 3a-
6oneBaemMocTV HOBOPOXKAEHHbIX, POXAEHUIO
neTeil C HM3KOW Maccol Tena, Toraa Kak BbiCo-
KW ypoOBeHb NIOKO3bl B KPOBU cnocobcTyeT
dopmmnpoBaHmio Makpocomuum [170].

PaznuuHble NCTOUHUKK 6enka MoryT BAWATH
Ha pa3BWTWE MNoda B CBA3M C 0COBEHHOCTAMMN
WX aMMHOKNCNOTHOTO U MUKPO3NEMEHTHOTO CO-
cTtaea. CywecTByeT cBA3b Mexay Buaom Genka
nNULWK, Maccor NAaueHTbl U annHon 6egpa nio-
pa[52,105].

KpoBoTOoK mMaTo4HOi apTepuu. YBenvue-
HUE MaTOYHOTO KPOBOTOKA MMEEeT BaXkKHOE 3Ha-
YeHWe [NA YOOBNETBOPEHWA MeTabonmyeckmx
noTpebHOCTel CO CTOPOHbI PACcTYLLein MaTku, a
TakXke nnaueHTol 1 nnofa [161]. Bcero obbem
KPOBW Y MaTepy yBeNMUYNBAETCA MPUMEPHO Ha
40% Bo Bpema 6epemeHHoCTU [229], a obLwwia
MaTOYHO-TMaLeHTapHbIli KpOBOTOK COCTaBnsAeT
25% oT cepaeyHoro Boibpoca [161].

Tanep n coasT. obHapy»unu, 4TO BO BPeMA
6epemMeHHOCTY OOBEMHBIV pacxof MaToqHOMN
apTepun Bo3pacTtaeT Gonee yYem B 3 pasa ua-
CTWYHO MOJ BAWAHWEM YBENWUYEHUA AMaMeTpa
apTepuy U CHWXEHWA COMPOTUBNIEHWA MOTOKa
KpoBu [266]. Kpome yBenuuyeHWsi MaToyHoOro
KpOBOTOKa MNpW HopMmanbHol 6epemMeHHOCTH,
pasBUTUIO HOBbLIX KPOBEHOCHbLIX COCYHOB B
MaTKe, BO3MOXHO, cnocobCTBOBan cUHTE3 nna-
LieHTapHbIX TOPMOHOB: YEeNOoBEeYeCKUA Xopu-
OHUYecKnin roHagoTponuH (XMY) u IGF2 [300].
Mpn Wcnonb3oBaHWW [OMNEPOBCKON OLEHKN
MaTOYHbIX apTepuii B 23 Hegenu GepemMeHHOCTH
YCTQHOBMIEHO, UYTO COMPOTMBIIEHWE KPOBOTOKY
COMPOBOMAAN0Ch MOBbILEHHbIM PUCKOM POX-
OeHVs feTeil ¢ Mano Ans rectalMoHHOro BO3-
pacTa maccoii Tena [4].

MMnokcua matepu Takke BAWAET Ha pocT
nnopga, v 3ToT 3bQeKT He 3aBUCUT OT ee co-
LManbHO-2KOHOMWYECKOTrO CTaTyca, KypeHus,
rMNepToHUK, BbI3BaHHON 6GepemMeHHOCTbIo W
mHoronnogus [140].

To e KacaeTca 1 HanuuusA y MaTepu Bocna-
nUTeNbHbIX 3a6oneBaHnii, KOTopble MOryT Cro-
coBCTBOBATL CHIPKEHMIO pocTa nnoga. Mccnego-
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BaHO BNMAHWE BPOHXMANbHON acTMbl Y MaTepu
Ha pa3sBuTWe Nnofa v nnaleHTapHy dyHKUMIo.
MNpepBaputenbHble SNUAEMUONOrMYECKNE WUC-
cnefoBaHWA CBA3LIBAOT Hanuune BGpoHXManb-
HOW acTMbl Y MaTtepu C MOBbIWEHHbIM PUCKOM
HW3KOI Macchl Tena y pebeHka npu poxgeHun
[174], ogHaKo mexaHW3Mbl TaKoro BIAMAHWA eLle
V3yyeHbl NNoXo.

MaTepuHcKoe KypeHue accouMupyeTca co
CHVKEHMeM Macchbl Tena pebeHka npu poxpe-
HUK B AiBa pa3a Gonblue, Yem y HEeKypAWUX 1
vMeeT [0303aBucumMbli 3ddekT [180]. Huskas
mMacca Tena npu poxgeHun pebeHka accouuu-
pyeTca C yBenuueHuem Bo3pacta matepu [13,
228]. MexaHW3M BNUAHWSA KypeHua maTtepu cBs-
3bIBAIOT Kak ¢ Honee BbICOKIM YPOBHEM YrapHo-
ro rasa B KpoBW MaTepy, KOTOPbIA MpOHUKaeT
yepes nnaueHTy K nnofy, YTo NPUBOAUT K -
MOKCUW TKaHel Mnofa, Tak U ¢ Ba3OKOHCTPUWK-
TOPHbIM BIMAHWEM HUKOTWUHa [206].

Kpome Toro, BbifiBneHa B3auMOCBA3b MeXay
MaTepUHCKUM KYpPEHUEM 1 ee HefoCTaTOUYHbIM
NUTaHWeM, KOTOPble HeraTvBHO BAMUAIOT Ha POCT
nnofa. KypAliune niogu no cpaBHEHUIO C HEKy-
PAWMMI Xy»e NMUTAKTCA 3a CYeT NoaasrieHus
anneTuta HAKOTMHOM. KomnoHeHTsl TabauHoro
AbiMa BAWAIOT Ha TPAHCMOPT aMWUHOKUCNOT OT
matepu K nnogy. B akcnepumenTe in vitro 6bina
NpoAeMOHCTPUPOBaHa CMocoBHOCTb HUKOTU-
Ha CHWXKaTb AKTMBHOCTb OCHOBHOIO HaTpuWiA-
3aBUCUMOrO  TPaHCNopTepa MWKPOBOPCUMHOK
MemBpaHbl, UTO NPUBOAUT K 3afepKKe BHYTpU-
yTpobHoro pa3seutua (3BYP) [85].

Take W3MEHEHUA B aMVHOKWCIIOTHOM
TPaHCMopTe UMEIOT BaxHOE 3HauyeHune ana pas-
BuTUA 3BYP B CBA3M C Hebonbluoi pasHuLen
MeXIy nnaleHTapHOW eMKOCTbio ANA TpaHc-
MOPTUPOBKWA aMWHOKUCIOT U noTtpebHocTen
nnoga [219].

Pa3BuTre nnaueHTbl ABAAETCA CTPOro pery-
NMpyemMbiM MPOLECCOM, KOTOpbI Heobxonum
L1A HOPManbHOrO pasBWTWA Nnoja v nopaep-
»*aHusA 300poBoi 6epemeHHoCTH. Takum 0bpa-
30M, MNayeHTa BbINOMHAET HECKONbKO BaXHbIX
dyHKUMIA B KauecTBe WHTepdelica mexay ma-
TepbIo U NNOAOM: MPeAOTBPalLaeT OTTOPKeHUe
nnopa, cnocobcTByeT afekBaTHOMY NpUKpe-
nneHnio Tpodobnacta, YBENUYEHWUIO MATOUYHO-
nyaLyeHTapHoOro KpOBOTOKa BO Bpems bepemeH-
HOCTW, TPAHCMOPTUPOBKE 1 MeTabonuamy nuta-
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TeNbHbIX BELWECTB, TaKUX Kak rMioKo3a v aMmuHO-
KWCNOTbl OT MaTepK K MAogy, a TakKe CUHTe3y 1
nepegave perynupymwowmnx poct naoga ropmo-
HOB 1 NenTuaos [276].

MnaueHTa npuHUMaeT K nepepgaeT 3HAO-
KPVHHbIE CUrHanbl U Matepu, 1 nnoga [3, 158].
[pwv 3apgepxKe pocTa nnoga naowagb noBepx-
HOCTW NMaueHTapHbIX BOPCUHOK 1 obbem nna-
LeHTbl yMeHbluatoTea [158]. ApekBaTtHbli pocT
MNaueHTbl UMeeT BakHelllee 3HauyeHue ans
afleKBaTHOro pas3BuUTUA nnoga. ¥ HOBOPOXaEeH-
HbIX C Manoi AnA ux rectayyMoHHOro BO3pacTa
Maccoi Tena 3HAYMTENbHO CHUMKEeHa W Macca
NMaueHTbl Mo CPaBHEHWIO C AeTbMW C JOMMKHOMN
Maccoi Tena npu poxaeHun [128].

QyHKLNN NNALEHThI

BroprkeHue Tpodobnacrta 1 yBenuyeHve ma-
TOYHO-NNALEHTAPHOIO KPOBOTOKA. AfleKBaTHoe
BTOpXeHue Tpodobnacta, Heobxopumoe pnA
nofaepkaHua pocta nnopa, Korga Gnactouu-
CTbl NPUAEPXKMBAIOTCA MaTKK, SMOPMOHanbHbIe
Knetkn Tpodobnacta AuddepeHumpyloTca B
BOPCUHKU W 3KCTPaBOPCUHYaTbie KneTkn [276;
229]. Murpaums 1 BTOpPXKeHWE 3KCTPaBOPCUHOK
uutoTpodobnacta B SNUTENUA MaTKU UMEIOT
Ba)KHOE 3HauyeHWe ANA MOBbileHWA MaTOYHO-
nnaLeHTapHOro KpPOBOTOKa MPW yBenuueHuu
cpoka bepemenHocTi [229]. CnupanbHble Ma-
TOYHblE apTepuy MPeBpallaloTcA B KpPynHble
cocyibl C HU3KWUM COMPOTUBNEHWNEM, KOTOpbIE
CnocobHbl TPaHCMOPTMPOBaTL bonbliee Konu-
4eCcTBO MaTepUHCKOM KPOBK K nnaueHTe [182].

Otcytciere Tpodobnact — MHAYLUUPOBAH-
HbIX U3MEHEHWIA B AeunayanbHOW Wik MUome-
pranbuom‘ CerMeHTax CnupanbHbIX apTepuii
ABNAETCA MPU3HAKOM OCNOMKHEHUA HEKOTOPbIX
HepeMeHHOCTeR, CONPOBOMXAAIOLINXCA 3aePX-
Ko pocta nnoga [161]. Cnoi KNeTok CUHTMLMO-
TpodobnacTta, KOTOPbIV OTIMYAETCA OT KNEeToK
umtoTpodobnacta Tem, UTO B HEM CUHTE3UPYIOT-
CA Takue ropmMoOHbl, KaK 3CTPOreHbl, nporecre-
POH, XOpPUOWAHBIA ropMoH Yyenoseka (XM), nna-
LIeHTapHbIN NTAKTOreH U MaLeHTapHbIi FOPMOH
pocTa Ans nogaepaHua 6epemeHHocTy [104].

lMoBbilEHHbIV KPOBOTOK BO Bpems Gepe-
MEHHOCTU YBEeNUUUBaeT AOCTaBKY NUTaTeNbHbIX
BeLecTB OT maTepu K nnopgy. bbino nokasaHo,
YTO Y MEeHLLWH C NpesKnamncmeil MaTouyHo-nna-
LieHTapHbIl KPOBOTOK Obin ymeHblueH Ao 50%.
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Takke OTMEeYaeTCs CHUMKEHME YCAa W Nowaam
TepMuHana BOPCUMHOK NPy 3afepKKe BHYTpUy-
TPOBHOro PasBUTUA NNOAA, YTO CBUAETENbCTBY-
€T 0 «HEeWCNpaBHOCTU» BaCKyNAPM3aLUU npu
Takux bepemenHocTax [300].

MHorve nccnepoBaHWA AOKa3biBalOT Bax-
HOCTb npuKpennexua Tpodobnacra, usmeHe-
HWA B MAaTOYHO-MNALEHTAPHOM KPOBOTOKE W
MOTOKe MyMOBWHHOW KPOBMW ANA NogAep:kaHus
COOTBETCTBYWLWEro pocta nnofa, bnaropaps
[OCTaBKe emy KUCIopofa W nuTaTeNbHbIX Be-
wects [13, 84, 18, 68].

MnaueHTa ABNAETCA MeTabonu4yeckn akTUB-
HbIM OpraHoMm, KoTopbli n3snekaet 40-60% ot
06Lero ypoBHs rMioKo3bl U KUCNIOPOAA, NocTas-
naembix B MaTky [22]. OcTanbHble nNUTaTeNnbHbie
BewecTsa W MeTabonuTbl MepefaloTca uyepes
MNaueHTy K nnogy nytem naccvsHon auddysun,
obnerueHHon ouddy3nm, akTUBHOIO TPaHCNop-
Ta, 3HJ0- U 3K30LMTO3a [247].

TpaHCnopT nuUTaTeNbHbIX BELEeCTB MyTem
naccveHoi guddy3un (KMCNopoa, Yrnekncnbli
ras u kapbamup) orpaHuyeH nnalyeHTapHown
obnacrbio obmeHa 1 KpoBoobpaleHusa. Obner-
ueHHana auddy3na (rMoKo3a 1 NakTaT) BKIYaeT
B cebsa nepefavyy BHMU3 Mo rpagueHTy KOHUEH-
Tpauun HocwTeneir monekyn, 6es satpat go-
NONHUTENbHOW SHEpPrun. AKTUBHbIA TpaHCnopT
TpebyeT Hanuuua Kak Genkoe-HocuTenew, Tax
W WCMOMb30BaHNUA AOMONHUTENBHOW 3HEPTUM
[22]. MnauyeHTapHas nepefaya nUTaTeNbHbIX
BELECTB PacTeT NapannenbHo C pOCTOM nyoaa
3a CYeT YBENMYEHNA CKOPOCTN KpoBOTOKa [247].

PecnupartopHbiii rasoo6meH. Kucnopog
W YIMEeKUC/blA ra3 ABAATCA NUNOGUNbHBIMK
MoneKynamu, kotopbie 6yayT NPOHUKaTL Yepes
nnaueHTy No MexaHwsmy npoctoi auddysuu.
MnaueHTapHble MembpaHbl MMEIOT BbICOKYIO
npoxuuyaemocts gna O, n CO,, Takum obpasom
KPOBOTOK OrFpaHWuMBaeT CKOpocTb obmeHa
[bIXaTeibHbIX rasoB 4Yepes 3Ty TkaHb. Mapuu-
anbHoe AaeneHve W pasHuua B cpopcTee K O,
MeXay MaTEPUHCKUM W deTanbHbIiA remornobu-
HOM — 3TO iBa BaXKHbIX haKTopa, KoTopble onpe-
JensioT ux yceoeHue [43].

[na pocra nnopa Takxe HeobxoauMbl amu-
HOKMCNOTbI, MOCKONbKY OHW ABMAIOTCA KOM-
MoHeHTaMn ANA cuHTe3a 6enka. Kpome Toro,
UX Aerpajauva 1 B3aumonpeBpaujeHue npo-
MEMXYTOUHbIX CybCTPaTOB MPUBOJAT K CUHTE3Y
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WNU NIOKO3bl UMW KETOHOBbIX Ten. [naueHTa
UrpaeT BaXKHYI0 ponb B JOCTaBKe aMUHOKUCNOT
AnA naopa. 3TOT NPOLEeCcc COCTOMT U3 TPeX oc-
HOBHbIX 3TanoB: NOCTYrM/eHNe OT MaTepyu Yepes
MembpaHbl MUKPOBOPCHMHOK, TpaHCMopTa Yepes
TpodobnacT yuTonnasmbl U TPaHCNopTa Yepes
6azanbHyio membpaHy B nyrnovHoe Kpooobpa-
weHwe [227]. TpaHCNOpTHbIe cUcTEMBI B TPOJO-
6nacte mMoryT GbiTb Kak HaTpvi-3aBUCHMbIMK,
Tak M HaTpUii-He3aBUCUMbIMU W Pa3nuyaloTca
B 3aBUCMMOCTM OT UX MOHHbIX cybcTpaTos [227;
144]. AMUHOKWCNIOTbI MOTYT BbiTb YCBOEHbI Ye-
pes nnaueHTy. Hanpumep, neiunH gesamuHu-
pyeTca B nnaueHTe 1 nepegaetca nnogy [177].

Mpy 3agepxKke pocta nnoga MNOABNAIOTCA
W3MEHEHWS B aMWHOKWCIIOTHOM TpaHcropre
aMUHOKMCNOThI Yepes MnaueHTy 1 NornoLeHnm
ee nnogom. o MoXKeT BNUATL Ha IKCNPpeccuio
nnaleHTapHbIX TPAHCNOPTEPOB aMUHOKUCIOThI
B OTBET Ha 3aMef/IeHne CBOero pocra.

WMccnepoBaHua, NpoBeAeHHble Ha TpaHcreH-
HbIX MblLax, AveHHbIX IGF - Il reHa nokasano,
YTO Y HMX ObINO YMEHbLUEHWE MacCUBHON And-
dy3uu nNUTaTeNbHbIX BelecTB Ha GoHe yMeHb-
WweHus pocTta. TakkKe OTCYTCTBOBanoO perynu-
poBaHWe aKTUBHOrO TPaHCMopTa aMMHOKUCIOT,
Kak KOMMEeHCATOPHOro MexaHu3Ma B rnaHe
ynyyLleHua pocTa Nnoga.

TpaHcnopT rnKo3sbl. [MoKo3a sABNsAeTCA
OCHOBHbIM UCTOYHWKOM 3Hepruv ana Jenose-
Yyeckoro nnoga W MnnaueHTbl, MOCKONbKY OHa
OCHOBHOMW cybCTpaT ANnsA OKUC/ITENbHOTO MeTa-
6onuama nnoga. Mpw atom adbekTMBHaA nepe-
[ava rnoKosbl Yepes NnaueHTy MeeT BaxHoe
3HayeHWe ANA HOPManbHOTo pPasBUTMA nnofa.
MnaueHTa cama no cebe He cnocobHa npows-
BOAWTb 3HAYUTENbHOE KONMYECTBO HOKO3bl B
TeueHue Bcero nepuopa bepemeHHocTn [276].
Mnop TakKe NPOU3BOANT MUHMMAaNbHOE KONu-
YecTBO Caxapa, 4To TpebyeT TpaHCnopTa rMioKo-
3bl OT MaTepu ANA CUMHTe3a rnukoreHa. MNpouecc
TPaHCNopPTa rMoKO3bl OT MaTePU OCYLLeCcTBNAET-
cA 3a cyeT obnerueHHoh Anddy3nm c Mcnonb3o-
BaHWeM TPaHCNopTepoB Kak MaTepH, Tak 1 Tpo-
dobnacta nnoga [188].

JocTatouHoe Konm4yecTBO TpaHcrnopTepa-1
TMIOKO3bl COREPMUTCA B MUKPOBOPCHHKax obo-
NOYKN CUHLUTUOTPOOONacTa, YTo B TPW pasa
Bbille, yeM B 6asanbHol membpate [142, 21].
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Mpn HopmanbHOM TeyeHUU BepemeHHOCTH
bopMUpyeTCA COCTOAHME PEe3NCTEHTHOCTM K
WHCYNUHY, YTOObI YBENMYUTD JOCTYMHOCTb ITIH0-
KO3bl AnA nnopa. PesucTeHTHOCTb K MHCYAWHY
YCUNMBAETCA NpKY 6epemeHHOCT Y KeHLWWH ¢
caxapHbiM avabetom Ha GoHEe runepriavKkemmm.
YKasaHHoe nEUBOANT K runeprnnkemnn nnoga
C MOBbIWEHUEM MNPOAYKUMN WHCYNWUHA, WHCY-
nuHonopobHoro ¢aktopa pocta-1 (MOP-1) u
nenTyHa, YTO NPUBOAUT K (eTonnaueHTapHon
HepocTatouHocTy [203].

lMnornukemus y geTeil ¢ Manoi ona ux re-
CTaLMOHHOrO BO3pacTa Maccoil Tena MOXeT
6bITb CBA3AHA C yMeHbLUEeHWeM noTpebHoCTM B
nepeHoce rnioKo3bl Yepes nnaueHTy [72]. MNpu
nccnepoBaHuyn nepdysun 6a3oBblii YpOBeHb
notpebneHuna rnoko3sbl Gbin Bbllle Yy HegoHo-
weHHbIx co 3BYP. B 10 ke Bpems He 66110 HUKa-
KUX M3MEHEHWU B nepefadye rmioko3bl K nnogy
CO CTOPOHbI MnaueHTol [46, 142].

[pyroe nccnepoBaHue Nokasano, YTo y ma-
TEpW W NNofja rpagueHT KOHUeHTpauwuu -
KO3bl ObiNl yBENMYEH B 3aBUCUMOCTI OT KAWUHW-
yeckon TaxecTn 3BYP. YkasaHHoe, BO3MOMXHO,
MMeeT afanTUBHYI0 Ponb ANA nopfepkaHus
TpaHcnopTa roKo3bl Yepes nnaueHTy [188].

TpaHcnopT MMUPHbIX KUCAOT. KUPHbIE K1C-
NIOTbl HEOBXOAMMbI [i1A Pa3BWTUA MAOAA Kak
WNCTOYHNK 2HEPIrK, a TakMe B KayecTBe npekyp-
copa Ans pafa BaxHbIX BUONOTMYECKU akTUB-
HbIX COefVHEHWI, TaKMX KakK MpocTtarnaHguHbI
v TpombokcaH. B lIl TpumecTpe 6epemeHHOCTH
MKMPHbIE KNCNOTbl HeoBXoAMMBI ONA 3MEHEHWIA
B COCTaBe TKaHel nnoaa, ocobeHHo Mo3ra 1 Xu-
pOoBOW TKaHK [276].

MnaueHTa vMMmeeT 3Ha4YUTENbHbIA NOTEHLW-
an AnA ycBOeHWs »Mpa M TPaHCMNopTa *KUPHbIX
Kucnot. MornoweHre xupa BKNYaeT B ceba
pacnag TpuraMuepuaoe (M3 MaTepuHCKOW Xu-
POBOIA TKaHW) Ha cBoBoAHbIE KUPHbIE KUCHO-
Thl U MMULEPUH, a TakKe peectepuduKkalmio 13
BHYTpUKNeTouHoro ¢pocdat ravuepuHa [276).

CeobofHble KUPHbIE KUCIOTBI, a TakXKe
6enky nepepalTcA yepes MUKPOBOPCUHKMA U
6azanbHyio membpany [114]. YpoBHW Hezame-
HUMBIX XKWPHbIX KMCNOT U NMHONEBOIN KNCNOTbI
B NnaueHTe OKasanucb 3HAYUTENbHO Bbllle Yy
NNoJoB C 3afepKKoWn BHYTpMyTpobHoro pa3su-
TUA NIOJa NO CPAaBHEHWIO C NIOAaMK, Y KOTOPbIX
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Macca Tena cooTBeTCTBOBana rectaymnoHHomy
BO3pacTy [218], uTo MOXKET UMETL 3HaueHne ans
BHYTPMYTPOOHOrO pa3BuTA Mo3ra [60].

HepagHo 6bino o6HapY»eHO, YTO Y HeJOHO-
WeHHbIX AeTel akTUBHOCTb NNasbl, TMAponasbi,
NUMNONPOTEMHOB W TPUIMWLEPUAOB B MUKPO-
BOPCKHax MemMbpaHbl yMeHbLUEHbI, YTO OrpaHu-
unBaeT BHyTpUyTpobHoe passutue nnoga [184].

MeraGonuueckue ©M  3HAOKPUHHBbIE
dyuxymmn. Metabonuueckne 1 3HAOKPUHHbIE
OYHKUMW MNaLeHTbl OYeHb CJI0MHBI, KacarTcs
NpoK3BOACTBa FTOPMOHOB 1 O6MeHa BELECTB 1
OOMKHbI XKeCTKO KOHTPONMPOBaTbCA ANA TOTO,
yTobbl 0becneunTb HopManbHoe pasBuTLe NNo-
na, pasBuTME U NOJAepxaHue 3gopoeoi bepe-
MeHHoCTHK [276].

Metabonnueckmne GyHKUMK: NNALEHTA Cro-
cobHa CMHTe3UPOBaTb IMUKOreH 1 XONeCTePUH,
KOTOpbie ABMAITCA WCTOYHUKOM DHEpran pns
pasBuBaloLLeroca nnoga. Kpome Toro, xonecre-
PWH ABMAETCA BaXKHbIM YCNOBMEM NS MPous-
EOJICTBA FTOPMOHOB B (GeTonnaueHTapHomn equ-
HuLe.

CvHTes rnukoreHa. [naueHta cnocobHa
CMHTE3MPOBaTb  3HaYWUTENbHOE  KONMMYECTBO
rAIKOreHa, KOTOpblii COXpaHAeTCA B KayecTse
3HepreTuyeckoro pesepsa. lNornowexve rnwo-
KO3bl M3 MAaTepPUHCKOro KpoBoobpalueHus
OrpaHN4eHO MO CKOPOCTY PAfom $epMeHTOB
v perynatopos. Ocoboe 3HavyeHue umeeT dep-
MEHT TIMKOTeHa, KOTOPbIA MMEET Bblpa)keHHoe
BblcoKoe cpofcTeo K GLUT-3 TpaHcnopTtepy B
aHpoTenuu, 6asanbHoR geuugyanbHoh o6onoy-
Ke 1 criocobCTByeT ero BHeApeHWIo B JOMNONHN-
TenbHble ‘BOpCrHKM Tpodobnacta B nnaueHTe
yenoseka [115].

CuHres xonecrepuHa. [loTpeGHOCTL B XO-
necrepuHe y nnoga BbiCOKa, U B paHHWE Cpo-
KM 6epemMeHHOCTH KOMMYEeCTBO MaTepUHCKOro
XonectepuHa B 3Ha4YWTENbHOWM CTEMEeHW CooT-
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BeTCTBYeT 370/ noTtpebHocTn. B KoHue Gepe-
MEHHOCTW MNOA CaM CUHTE3VPYET XONecTepuH,
WCNONb3yA 3anac »KWPHbIX KUCAOT MaLeHTbl,
CO30aHHbIA U3 HaKOTJIEHHOrO MaTepblo Xupa
B paHHue cpoku GepemeHHocTW. XonectepuH
NNaUeHTbl ABMAETCA BaXKHbIM YCNOBMEM /1A Bbi-
paboTKW NNaueHTon NporectepoHa 1 acTpore-
HoB [130].

0O6men 6enkos. ObmeH 6eNKOB B nnaLeHTe
B 3HAYMTENbHOW CTeneHw onpegenseTca Tpebo-
BaHUAMY POCTa MI0Aa BO BpemsA BepemeHHo-
cti. Ha 10-i Hegene 6epeMeHHOCTH NPOU3BOS-
cTBO 6efika MiaLeHTon COCTaBNsAeT NpUMEPHO
1,5 r B feHb, HO € yBENUYEHNEM CPOKa 3TOT Mo-
KasaTenb BO3pacTaer 4o 7,5 r 8 aeHb [23].

Nakrat B o6meHe BewjecTs. JlakTat asnA-
€TCA 0TXOf0M B 06MeHe BelLecTs 1 BbiAenaeTca
B OONbLIMX KONUYECTBaX Yepes NnaLeHTy, a cne-
LoBaTenbHo, AomkeH 6bitb 3ddekTMBHO yna-
neH. L — naktat-TpaHcnopTepbl AeACTBYIOT Ha
MMKpOBOpCVIHbi obonoyka MaueHTbl Yenoseka
1 NpUCYTCTBYIOT Ha 6asanbHon membpaHe [241].

SHAOKpUHHbIE dyHKuMN. [py GepemeH-
HOCTK niaueHTa ABMAETCA Ba)KHbIM OpraHom
JHAOKPWUHHON cuctemsl. [MnaueHTa He WH-
HepBUpYeTCA, NO3TOMY AnA CBA3N mexay ma-
TEpbo 1 MNOJOM JOMMHA BKIOYATHCA TyMO-
panbHaa perynauua. CurHanbHble MOeKybi,
BbllenAemMbie MnalueHTon, MOryT AeicTeoBaTb
NOKanbHO MyTeM NapakpWHHOIO M ayTOKPUH-
HOro perynuposaHua. MNnauexTa, byayym op-
raHoM 3HAOKPUHHON CUCTEMbI, OTBEYaeT 3a
BbipaboTKy ropMoHoB y matepu u nnoga. Oc-
HOBHbIM MECTOM MPOW3BOACTBa MNnaleHTap-
HbIX FOPMOHOB ecTb TPodoBNACT N BOPCUHKK
XopuoHa [276].

Bonpocsl, Kacalwmecs ropMoHanbHoR pe-
rynaguu pocra nnoja M HOBOPOXKAEHHOro pe-
beHKa, byayT npefcTaBneHbl BO BTOPOW YacTu
cTaTby.
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