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Critical Conditions In Neonatology

COCTOAHUE MEMBPAHbBI OPUTPOLIUTOB HEJOHOIIEHHbBIX
HOBOPORAEHHbIX B PAHHEM HEOHATAJIbHOM ITEPUO/JIE

C. A. Ilepenenmia'?, B. A. Ceprynoga', O. E. [yakosa'

' HUU obmeit peanmmaTonornn uM. B. A. Herosckoro, Mocksa, Poccns
107031, . MockBa, yu. IletpoBka, . 25, cTp. 2
* Banruiickuit Menepanbhbiit yuusepcurer nM. immanyniaa Kanra, Kamununrpaz, Poccust
236016, r. Kamununrpan, yi. A.Hesckoro, 1.14

The Red Blood Cell Membrane of Preterm Infants in the Early Neonatal Period

S. A. Perepelitsa'?, V. A. Sergunova', O. E. Gudkova'

' V. A. Negovsky Research Institute of General Reanimatology, Moscow, Russia
25, Petrovka St., Build. 2, Moscow 107031
? Tmmanuel Kant Baltic Federal University, Kaliningrad, Russia
14, A. Nevsky St., Kaliningrad 236041

Ilenv — uccienoBaHue HAHOCTPYKTYPBI IPUTPOLUTOB U SPUTPOLUTAPHBIX HHEKCOB HEIOHOMIEHHBIX HOBOPOSKAEHHbIX. Ma-
mepuan u memoosi. B uccienoBanne BKIOYEHO 47 HOBOPOKIEHHBIX, U3 HUX 33 HEIOHONIEHHDIX JIETEl, COCTABUBIINX IPYII-
Ny MccleloBanus, U 14 TOHOIEHHbIX HOBOPO:KIEHHbIX IPYIIBI CPaBHEHHUsI. [eCTalOHHbIi BO3PACT HEIOHONIEHHBIX HOBO-
poskaennsix cocrasisin 33,3+1,9 Henmenb, Macca tena mpu poxxaenun — 2065,4+304,8 rpamm. IlpoBogmmmcs moacuer
KOJINYECTBA IPUTPOIUTOB, ONPEENeHNE TEMOrIO0UHA, PACYET IPUTPOLUTAPHBIX UHAEKCOB, & TAKKE UCCIIEI0BAHUE IPUTPO-
IIMTOB B T0JIe aTOMHO-CHIOBOr0o Mukpockona (ACM). Pesyavmamot. Ilpu poskeHuN i1 HEJJOHOIEHHBIX HOBOPO:K/IEHHBIX
XapakTepeH MaKpOLHTO3, BHYTPUYTPOOHbIN MOHKHIONHUTO3, HAPYIIEHHEe MAKPOCTPYKTYPbI MeMOpaH spuTpouuTos. BayTpu-
YTPOGHASI TMIIOKCHS BJAMSIET HA HAHOCTPYKTYPbI MeMOPanbl 3puTpouuTa: Gpocd oaunuanblii GUCIoii 1 CIEKTPUHOBBII MaTPHUKC,
0€e3 moBpeskIeHHsT GEJIKOBOr0 KOMIIOHEHTa MeMOpPaHbl. BbisiBIeHHbIE H3MEHEHNSI SIBISIOTCS 0OPaTHMbIMH M HANPABJIEHBI HA
coxpanenne QyHKIHNOHATIBHOH CIIOCOGHOCTH 9PUTPOLMTOB B KPUTHYECKOii curyanuu. Ha nokasarenun spuTponurapHoro 3se-
Ha NIPU POK/IEHUH BIUSIOT reCTAlMOHHBII BO3pacT, Macca Tejia pebeHKa, KOJMYECTBO FeMOTJIOOUHA, CO/IEPIKAHNE XO0IECTEPU-
Ha U CTaHAAPTHOTO OuKapOoHaTa B KpoBH. TeueHne paHHEro HEOHATAIFHOTO IEPHO/IA XaPAKTEPH30BAIOCH AKTHBHBIM IIPOLEC-
COM Ha MeMOpaHax JPUTPOLUTOB, CMEHOW Mopdoiaornyeckux ¢GopM, UTO CBHAETENHCTBYET O NPOAOJIKAOIIECs
NOCTHATAJbHOIT IEPECTPOKe IPUTPON0I3a, aJIaNTAIH HEJOHONIEHHOTO Pe0EeHKa K HOBBIM YCJIOBUSIM BHeNIHeH cpenbl. Kuro-
ueegvle C106a: MEMOPaHa SPUTPOIUTA, HAHOCTPYKTYPA, IPUTPOLUTAPHBIE HHIEKCHI, HE[OHONIEHHbIE HOBOPOK/I€HHbIE.

Objective: to study the nanostructure of red blood cell membranes and erythrocyte index in preterm neonatal infants.
Subjects and methods. The trial enrolled 47 neonatal infants, including 33 preterm infants who were included in a study
group and 14 full-term infants who formed a comparative group. The gestational age of the preterm infants was 33.3+1.9
weeks and the birth weight was 2065.4+304.8 g. Red blood cell counts, hemoglobin, and erythrocyte indices were estimat-
ed and the red blood cells were examined using an atomic-force microscope. Results. At birth, the preterm infants showed
macrocytosis, intrauterine poikylocytosis, and the impaired nanostructure of red blood cell membranes. Intrauterine
hypoxia affects the red blood cell membrane nanostructures: a phospholipid bilayer and a spectrin matrix, without damag-
ing the membrane protein component. The detected changes are reversible and directed to maintaining the functional abil-
ity of red blood cells in a critical situation. At birth, gestational age, a baby's weight, hemoglobin, and blood cholesterol and
standard bicarbonate levels influence the parameters of a red blood cell component. The early neonatal period was charac-
terized by an active process on the red blood cell membranes and a change of morphological forms, suggesting the contin-
uing postnatal rearrangement of erythropoiesis and a preterm infant's adaptation to new environmental conditions. Key
words: red blood cell membrane, nanostructure, erythrocyte indices, preterm neonatal infants.
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AHTeHaTaJbHAs U MHTPAHATAIbHAS TMIIOKCHSI TJI0/IA Antenatal and intrapartum hypoxia is a subject of
OCTAIOTCS TIPEIMETOM TIPUCTAMBHOTO M3Y4eHHUs, T.K. MOo- | extensive research because the consequences of hypoxia
CIIEJICTBYsI TIEPEHECEHHOI TMIIOKCUU Herpenckasyembl 1 | are not predictable both in full-term and preterm neonates.
JUIST JTOHOIIEHHBIX, W JUIsT HeJOHONIeHHbIX HOBOpokaeH- | The violation of placenta morphological structure leading
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Kpurnueckmne cocTOIHMA B HEOHATOAOTUN

Hbix. Hapymienne Mophosornueckoil CTpyKTyphbl MJIalleH-
ThI, IPUBOJISAIIEE K PASBUTHIO BHYTPUYTPOOHON THIIOKCHH,
YaCTO BLI3BIBAET TEMATOJIOTHUECKIE HAPYIICHYS Y IO U
HOBOPOKIEHHOTO [ 1]. TMTOKCHS BBI3BIBAECT PA3INIHDIE U3-
MEHEHHsI 9PUTPOTIOI3A: TPU BHYTPUYTPOOHON THUTIOKCUN B
IYIOBMHHOW KPOBU OIPEE/ISIeTCs YBeJndeHrne HopMoO-
JIACTOB, TIPH OCTPOH TUTIOKCUH ATOT (DEHOMEH OTCYTCTBYET,
T.€. HOPMOOJIACTO3 HOSBJISIETCSI TOJBKO TIPH JJIUTEIbHOL
BHYTPHYTPOOHOU runokcuu [2].

JKenesonedunurHas anemust y GepeMEHHBIX OKa3bi-
BaeT BJIMsIHIE Ha MeMOPaHbI 9PUTPOIMTOB 11J10/1a. B mocTHa-
TAJIBHOM BO3PACTe ¥ HOBOPO/KACHHBIX HAPYIIAETCS MPOCT-
paHcTBeHHas KoHburypaiuss u Ttonorpadus OeJKOB
MeMOpaHbI ¢ MX CMEIIEHUEM B Hapy KHbIE CJIOM MEMOPaHBI,
CHUKEHMEM KaJIbIIUI — CBSI3bIBAIOIIEH CIIOCOOHOCTH MeMO-
pam. [leurur keresa y MaTepu CrocoOCTBYeT AeUIIUTHO-
MY 9PUTPOTIOd3Y Y HOBOPOJKIACHHBIX, 3aTPYAHEHUIO TEMO-
r7100MHOOOPA30BAHUS, TIOSIBJIEHUIO XPOHUUECKO THIIOKCUH
u uchaaHey B CUCTEME SPUTPOHA, YTO [POSIBJISIETCS HAPY-
meHussMu  (PUBUKO-XUMHUYECKUX TOKasaTeJel MeMOpaH
SPUTPOIUTOB 1 MeTabOIM3Ma KJIETOUHbBIX CTPYKTYP [3].

PasButne TecTo3a COMPOBOKIACTCS BBIPAKEHHBIMI
HAPYTIEHISIMI MOP(MOTOTHIECKOTO CTPOCHUS IHIOTEIUS
apTepuil M BEHDLI MYMOBUHBL. [IpM 3TOM MPOMCXOIUT TI0-
BpEXKIEHNE DHAOTETNONUTOB U B TEX COCYAX, T/I€ TIPOX0-
JIAT TIPOTIECChl 0OMEHa MEsKLY KPOBbIO U TKaHsMu. [1not-
HOCTH COTPUKOCHOBEHUST JHIOTETUOIUTOB OTIPEIESIET
MTPOHUIIAEMOCTD COCYINCTON CTEHKU, TEKYIeCTh KPOBHU, CO-
XpaHEHHsT TOMEOCTaTHYECKOTO paBHoBecust. Mopdomorn-
YecKne M3MEHEHUsT, BBISIBJICHHBIC B 9HAOTENNU COCY/IOB
MYTOBUHBI KOPPETUPYIOT C TSIKECTHIO COCTOSTHUST HOBO-
POKIEHHOTO TP POSKACHUHN [4].

B HOpMe cogepskaHue reMorJio0MHa B KPOBH HOBO-
POKAEHHBIX BBITIE, Y€M ¥ B3POCTLIX. OHTOTEHETHIECKON
OTJIMYUTEJBHONU OCOOGEHHOCTBIO IeMOTJIO0MHA SIBJISETCS
CMEHa eTo TUTIOB, YTO OTPEIENISIETCST MAPIHATbHBIM aBJie-
HUEM KHICTIOPO/Ia U CMEHON OPTaHOB KPOBETBOPeHNsT. B Ha-
yajie npeHatajibHoro passutus (7—14 Hemesnn) B KPoBU
SMOPUOHOB OOHAPY’KMBAIOTCST OMOPUOHA/IBHBIE T€MOIJIO-
6unbr: Tosep 1, Tosep 2, ITopriaana 1.0Hu 06Ja1a10T BbICO-
KUM CPOJICTBOM K KHCJIOPOIY, YTO BasKHO [IJIsI PA3BUTHS
mioga. MeranbHbll TeMOIJIOOMH HAYMHAET CUHTE3MPO-
Barbes ¢ 14 Henesmu GEPeMEHHOCTU U JIOCTHIAET MAKCHU-
MaJIbHOT'O COZIEPIKAHUS K MOMEHTY poskaeHus. lemornobun
B3POCJIOTO TUIIA TIOSBJISIETCS €lle B IEPHOJI BHYTPUYTPOO-
HOTO Pa3BUTHUS W CTAHOBUTCS OCHOBHBIM Ha TEPBOM TOIY
skusHu, DeTasbHbLil U B3POC/IbIil FeMOTIOOUHBI OTJIMYAIOT-
Cs1 IO CTPOEHUI0 OGEIKOBOI YaCTh MOJIEKYJIbI, YTO OIpe/Ie-
JISIET UX Pas3JIMYHbIe CBOHCTBA, HEOOXOAMMbIE JIJISI TPAHC-
mopTta Kucaoposa [5].

Kimnndeckoe nccsie[oBaHie 3pUTPOIIUTAPHOTO 3B€-
Ha SIBJISIETCST HEOOXOAUMBIM YCIOBUEM [P JICYEHUU HOBO-
POKIEHHDBIX, HAXOMAMINXCS B KPUTHIECKOM COCTOSTHUM.
VcememoBaHust TIOKA3aJIM, YTO Y HOBOPOJKIEHHBIX € CUH/I-
POMOM TTOJTHOPTaHHOH HEOCTATOYHOCTH UMEET MECTO pe-
akTuBanma cunTe3a remornobuna F 4ro, BeposaTho, obec-
neunBaer Gosee 3(GGHEKTUBHBI Ta3000MEH B yCIOBUSIX
runioniepdysuu Tkaneit [6].

to the development of intrauterine hypoxia often causes
hematological disturbances of fetus and newborn [1].
Hypoxia results indifferent changes of RBC during preg-
nancy: in cord blood it causes the increase of normoblast
content. The latter phenomenonis not observed inacute
hypoxia, i.e. normoblasts appear only during prolonged
fetal hypoxia [2].

Iron deficiency anemia in mothers affects the RBC
membranes of the fetus. The topography of the proteins is
alteredin thesenewborns in post-partum period.The pro-
teins are transferred to the outer layers of the membranes
resulting in reduction of a calcium — binding capacity of
the membrane. The iron deficiency in pregnant women
promotes deficient erythropoiesis in their newborns, the
violation of hemoglobin formation, chronic hypoxia and
imbalance in the erythron system, which all cause viola-
tions of physico-chemical properties of RBC membranes
and metabolism of cellular structures [3].

Pre-eclampsia development is accompanied by
severe disturbances of morphological structure of endothe-
lium of umbilical cord arteries and veins. This causes the
damage of endothelial cells in the vessels, where the
processes of exchange between blood and tissues occur.
The density of the contraction between endothelial cells is
determined by the permeability of vascular wall and blood
flowcontributing tohomeostatic balance. Morphological
changes detected in the endothelium of blood vessels of the
umbilical cord correlate with the severity of the newborn
condition at birth [4].

Normal hemoglobin content in blood of newborns is
higher than in adults. Ontogenetic distinctive feature
ofthehemoglobin is changing of its type, which is deter-
mined by the partial pressure of oxygen and the chan-
gesinblood-forming organs. In early prenatal period (at
7—14 weeks) embryonic hemoglobins (gover 1, gover 2,
Portland 1) are detected in embryonal blood. Hemoglobin
molecules possesshigh affinity for oxygenthatis important
for fetal development. Fetal hemoglobin is synthesized
starting fromweek 14 of pregnancy and reaches its maxi-
mum content by the time of birth. Hemoglobin of adult
type appears in utero and becomes the principal one on
the first year of life. Fetal and adult hemoglobins differ by
the structure of the protein part of the molecule, which is
determined by their various properties required for nor-
mal transport of oxygen [5].

Clinical study of the RBC level is importantwhen
choosing thetreatment of critically illinfants. According to
previous studies the reactivation of hemoglobin F synthe-
sis is observed in newborns with multiple organ failure,
which probably provides a more efficient gas exchange in
cases of hypoperfusion of tissues [6].

The study performed usingthe atomic force
microscopy (AFM) showed the damage of RBC membrane
nanostructure in preterm infants from multiple pregnan-
cies withunfavourable conditions of pregnancy.The early
period of adaptation is characterized by changing of RBC
morphological forms: planocytosis is followed by stomato-
cytosis. Other RBC forms, which appear due to an active
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Critical Conditions In Neonatology

Metonom aToMHO-cUI0BOI Mukpockornuu (ACM)
MOKa3aHo, YTO Y HEOHOTIEHHBIX HOBOPOKICHHBIX TIPH He-
GJIArONPUATHO [IPOTEKAIOIIEH MHOTOILIOAHON GepeMeHHOC-
TH TMPOUCXOIUT aHTEHATATbHOE TIOBPEKACHIE HAHOCTPYK-
Typbl MeMOpaH pUTPOLUTOB. TeueHre paHHEroO MEepUoOAA
AMIATITAIINN  XapaKTEPU3YETCsT CMEHONH MOP(hOTOTHIECKIX
(hopM apUTPOIIUTOB: TTAHOTINTO3 CMEHSIETCST CTOMATOITITO-
30M, a TaKyKe OMPENEIOTCS Apyrue (HhOPMBI, TOSBICHIE
KOTOPBIX 00YCIOBJIEHO aKTHBHBIM IIPOIIECCOM Ha MeMOpaHe
sputpoitos. Membpannbiii flickering HanGosiee Boipaken
y BTOpOro peGeHKa U3 JABONHMU, He 3aBUCUMO OT XOPUAIbHO-
CTU IUIALIEHTBI, BTOPOTO U TPEThero peGeHKa U3 TPOWHH,
IpUYeM BeTNYNHA TTOKA3aTe s YBETUIUBACTCS OT TIEPBOTO
K TperbeMy. Kosumiaus G1M3HEI0B COIPOBOKAAETCS MeMO-
panubiM flickering Bbicokoit unTencuBHOCTH y 060UX JeTEl
1 BBICOKUM CTOMATOIIMTO30M |7, 8].

Jl7isT FeOHOMIEHHBIX HOBOPOKICHHBIX € PECTHpa-
TopHbIM auctpecc-cungpomom (PICH) xapakrepen BHYT-
puyTpobOHbIii T0liKuIOINTO3. TeueHue 3abosieBaHUs Xa-
paKTepusyercst HapylIeHUeM MUKPOCTPYKTYPbl MeMOpaH
HPUTPOIUTOB Ha YPOBHE BBICOT EPBOTO M BTOPOTO TMOPSII-
koB. HanboJiee uyBCTBUTEIBHOIL SIBJISIETCS BEIMUMHA TIEP-
BOTO TOPSAJIKA, OTpakalomas apjaenue memOpannoro flick-
ering, HOPMAJM3AIMsI ATOT TOKA3ATENsT TPOUCXOANUT
MeieHHO. CTPYKTYpPHOE COCTOsiHUE OeJIKOB MeMOpaHbI
APUTPOIUTOB He U3MeHsietcs [7, 8].

Jl7ist TIPOBENIEHUST MCCIEOBAHUI TTPUMEHSIIOTCST CO-
BpEMEHHbIE AHATI3ATOPbI, TTO3BOJISTIONINE OTPEIETUTH MaK-
CUMATbHOE KOJIMYECTBO TMOKA3aTeIeHl ¥ HOBOPOKICHHBIX
neteil. B macTostiiiee BpeMst Bee yarie UCIOTb3YIOTCsT IPUT-
pOLMTAPHbIE UHIEKCHI, C TOMOIIBI0 KOTOPBIX MOKHO GoJiee
TOYHO OIEHUTH MOP(hOTOTHIECKUE XaPAKTEPUCTUKI IPUT-
pouutoB. K HUM OTHOCAT cpefHUil 00beM 3PUTPOIUTOB
(MCYV), cpeaniee copepKanue reMorJioOMHa B 9PUTPOIIN-
tax (MCHC), mmpuny pacripejieJieHust SpuTpOIUTOB 110
0o6bemy (RDW-SD, RDW-CV). B paGorax nokasaHo, uto
HEKOTOPBIE 9PUTPOIUTAPHBIE WHIEKCH 3aBUCSIT OT CPOKA
recraiuy, Tak, MCV y HOBOPOXX/JIEHHBIX YMEHbIIAETCS C
YBEJIMUEHUEM TeCTAIMOHHOTO BO3PACTa, T. €. y yOOKOHe-
JIOHOIIEHHBIX fieTell oH coctasasier 119+7 fl, k koniy Gepe-
merHocTn — 106%4 fl. Camkenne MCV y HeIOHOITEHHBIX
JeTeil MOKeT ObITh IIPU3HAKOM PAHHETO JeUIIUTA JKETIe3a,
KOTOPBII 110Ka HE TIPUBOAUT K aHEMUU. AHAJIOTUYHBIM 00-
pasom uamensiercss MCH. Ha MCHC ne Biinsiet cpok rec-
tarun. Cumkernre MCH, oTpaskaiotiiee THITOXPOMHIO 9PUT-
POTINTOB, MOJKET TaKsKe UCTTOMB30BATHCS JIJIST IMATHOCTUKI
skenesoneduiaTaoil anemun [9—11]. Oxnaxo, HeoOXOMH-
MbI YeTKHeE J1a00PATOPHbBIE KPUTEPUU [IJIS1 UCCJIETY EMBbIX 110~
Kazaresiell, 0COOEHHO B HEOHATOJIOTMH, T.K. BO3MOJKHA He-
[IPaBUJIbHASI MHTEPIIPETAIMS TTOJyUYeHHBIX JaHHbIX [12].

Oco6bIM 0OBEKTOM HCCJEOBAHUS SIBJSIETCST OCTa-
TOYHAS MYTTOBUHHAS KPOBB, T.K. MOJyYeHIe (GIU3NOTOTIHYE-
CKUX 3HAYEHUH JIJIST TTapaMeTPOB KPOBU HOBOPOIKIEHHBIX
MAaJIOZIOCTYITHBI, B CBSI3U C TEM, UTO €€ MCCIEIOBAHNE Y 3710-
POBBIX HOBOPOJKIEHHBIX He MPOU3BOANUTCS, & TTOJIYICHHDIE
Pe3yIIBTaThl OT OOIBHBIX IETEN CJI0KHO OlleHnTh. [ToaTomy,
YCUJTHST MHOTUX CIIEIUATNCTOB HATIPABJIECHDLI HA CO3/IAHIE
GaHka 1abopaTOpPHBIX AaHHbIX [12, 13].

process on RBC membrane, are also observed.Membrane
flickering is more often observed in the second infant of
twins and the second and the third infant of triplets,
regardless placenta chorionality. The value of the index
increases from the first to the third infant. Collision of
twins is also accompanied by intensive membrane flicker-
ing and high stomatocytosisin both infants [7, 8].

Intrauterine poikilocytesaretypical for premature
infants with respiratory distress syndrome (RDS). The
disease is characterized by the violations of RBC mem-
brane microstructure at the level of heights of the first and
second orders. The value of the first order is the most sen-
sitive one. It reflects the phenomenon of membrane flick-
ering. The normalization of this index is slow. The struc-
tural state of the proteins of the RBC membrane remains
stable [7, 8].

Current analyzing tools, which allowdeterminingthe
maximum number of parameters in newborn infants, were
used for the study. Currently,RBC indices, which allow
obtaining the data of RBCs morphological characteristics
more accurately are increasingly used. Theindices include
the average volume of RSCs (MCV), mean hemoglobin
content in RBCs (MCHC), the width of RBC distribution
by volume (RDW-SD, RDW-CV). Several studies showed
that some RBC indices depend on the gestational age;thus
theMCV values in newborns decrease with the increasin-
gof gestational age ( it is less than 119%7 fl in infants with
extremely low gestational age and it is 1064 fl by the end
of pregnancy). The decrease in MCV valuesin premature
infants may be a sign of early iron deficiency, which does
not cause anemia. MCH is changingin a similar way.
MCHC does not depend on the gestational age. The
decrease in MCH, reflecting RBC hypochromia, can also
be used as a patternfor the diagnosis of iron-deficiency ane-
mia [9—11]. However, a clear-cut laboratory criteriaare-
neededfor the studied indicatorsin neonatology because
ofincorrect interpretation of the data [12].

Umbilical cord blood is a specialobject of a research
because there areonly few studies in healthy newborns, and
the results obtained from sick infants arevaries. Therefore,
the efforts of numerous specialists are focused on develop-
ingbanks of laboratory samples [12, 13]

Objective: toevaluateRBC nanostructure and RBC
indices in preterm infants in the early neonatal period.

Materials and Methods

Fourty seven newborns were enrolled in the study. The
cohortincluded 33 pre-term (study group) and 14 full-term (group
of comparison). The gestational age of the pre-term neonates was
33.3%1.9 weeks, their birthweight was 2065,4+304,8 grams.

The samples of umbilical blood of 14 in-term infants with
favorable course of pregnancyurgent delivery weretaken to obtain
normal RBCs in the area of AFM microscope.

The mean gestational age of the infants was 39,4+0.5 weeks,
their birth weight was 3131,7£588,8 grams, Apgar scale score was
8 £0.4 points (first-minute measurement).

The following methods were employed:

1. RBCs of the newborns were studied by atomic force
microscopy(AFM). The objects of the study includedresidual
umbilical cord blood (RUCB) of pre-mature infants, central
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Kpurnueckme cocTOSHMSA B HEOHATOAOTUNU

[Lesb paboOTBI — HCCIIEA0BAHIE HAHOCTPYKTYPBI OPH-
TPOIUTOB U HPUTPOIUTAPHBIX MHAEKCOB HEIOHOIICHHBIX
HOBOPOJK/ICHHBIX B PAHHEM HEOHATAJILHOM TIEPHO/IE.

Marepuan u MeTObI

B nccnenoBanme Bririounsim 47 HOBOPOKIEHHBIX, N3 HUX 33 He-
JIOHOIIEHHBIX HOBOPOKIEHHBIX, COCTABUBIINX IPYIILY HCCJIE/I0BaA-
Hst, 1 14 TOHONIEHHBIX HOBOPOIK/IEHHBIX IPYIINIbI CpaBHeHMsI. [ecTa-
IMOHHbII BO3PACT HEJOHOMIEHHBIX HOBOPOJKIEHHBIX COCTABJISLI
33,3+1,9 nenesrn, Macca tesa pu poskaenun — 2065,4+304,8 rpam.

JLis1 1oJydeHust HOpMasIbHbIX apUTPOITOB B 1ojie ACM wc-
CJIEJIOBAIN OCTATOYHYIO TTyIOBHHHYIO KPOBb 14 JIOHOIIEHHBIX HO-
BOPOK/IEHHBIX € OIArOMPUATHBIM TeUeHeM GEPEMEHHOCTHU 1 CPOU-
HbIMU pofiamu. CpeiHuil TecTalIOHHbIN BO3PACT JIeTeil COCTaBUII
39,4+0,5 rezesn, Macca tesia npu poskaennu —3131,7+588,8 rpamm,
OIleHKa 110 mKaste Anrap Ha 1-it munyTe skusan — 8+0,4 Gana.

VIcriosib30BasIu CJELyIOIIe METO/IBI:

1. UccaenoBanye apuTpoIMTOB HOBOPOXK/IEHHBIX B MOJIE
aTOMHO-C1I0BOro Mukpockona (ACM). OGbeKTOM nccieoBaHus
SIBIJIMCD: ocTaTo4Hast mynosunnas kposb (OIIK) negonormenpix
HOBOPOXK/IEHHBIX, IIEHTPAJIbHASI BEHO3HAST KPOBb Yepes 7 4acoB Io-
CcJ1e POSK/IEHMS ¥ BEHO3HASI KPOBb HOBOPOKEHHBIX 7-X CYTOK K13~
uu. OITK 3abupanach cpasy mocJje nepecedeHus: mymnoBuHbl. 130-
GpaskeHre IPUTPOIUTOB MOJYYATH C IIOMOIIBI0 ATOMHOTO
custoBoro Mukpockona «<NTEGRA prima» (Poccust) B mosrykon-
TaKTHOM peknMe. B kauecTBe 30H/I0B HCIOJIL30BAIN KAHTHJIEBE-
pbt NSGO1-A. TTogpobrasi MeToAMKa NCCTE0BAHUS OIFCaHa Ha-
MU B ApyTUX myOaukanusx [7, 8].

2. OmpezelieHrie ra30Boro CoCTaBa, KUCJOTHO-OCHOBHOTO
COCTOSIHUSI M JIAKTATa KPOBHW IIPOBOJMJIM HA aHAJIN3AaTOpE
GemPremier 3000 (USA).

3. Ompelesienne spuTPOIUTOB, FEMOTIOOIHA, & TAKKE T10-
KasaTeJieil:

A.  Cpennuii 06bem aputporutos (MCV) paccunrbiBain
o hopmye:

MCV (fl) = Hematocrit (11')*1000/Erythrocyte count
(* 1012 171)

B. Cpennee comepskaHue reMOrJIOOMHA B 9PUTPOILINITE:

MCH (pg) = Hemoglobin (g dI')/ Erythrocyte count
(* 1012 171)

C.  CpezHsist KOHIIEHTPAIIUS FeMOTTIOOUHA B 9PUTPOIIUTE:

MCHC (g dI-1) = Hemoglobin (g dI"")/ Hematocrit (117)

D. Ilupuna pacrpejpesieHusi 9pUTPOLUTOB 10 0OBEMY-
RDW, BrJIfOUIONIast Ba mapameTpa: MPOLEHT OTKJIOHEHUsI 00beMa
APUTPOIUTOB OT CpeiHero 3Hadenst B nomyJsiimn — RSW-CV (%) =
(SD*100%) / MCV, riie SD-cranzaptHoe cpejie-KBajipaTHaHoe OT-
KJIOHEHHE 0ObeMa SPUTPOIIUTA OT CPEIHETO 3HAUEHYIST; OTHOCUTEb-
Hast IUPHHA PacIpeieIeHIs 9PUTPOIUTOB 10 06bemy — RDW-SD.

VccenenoBanre mpoBoauan Ha aHanusatope «Hemolux»
(Kurait) B 1-€, 3-u, 7-€ CyTKU MOCTHATAJILHOTO BO3PACTA.

4. Crartucruyeckyio oo6paboTky ganubx ACM mpoBoanin
¢ TIOMOIIIBIO CTaHapTHOI mporpammer Origin 6.1., koTopast BXo-
qut B coctaB Microsoft Office (USA). JloctoBepHocTb pasinunii
OIEHUBAIH C MOMOIIBIO OZAHO(DAKTOPHOTO JANUCIIEPCHOHHOTO aHa-
smza (One-way ANOVA). Ornuust cautain 0CTOBEPHBIMU TIPH
ypoBHe cratuctnueckoil 3naunmoctu p<0,05. Ilosydennsie pe-
3YJIBTATHl KIMHAYECKUX 1 JTAOOPATOPHBIX HMCCIeI0BaHil 06pabo-
TaJIN METOJIAMHU JIECKPUIITUBHO 1 HEITapaMeTPUYeCKON CTaTHCTH-
K ¢ MCIIOJb30BaHUEM IMakeTa mporpamm «Statistica 6.0».
IIpoBoanN KOPPEAINOHHbIH aHATI3 ¢ pacueToM Koahduimen-
Ta Koppessiiiun (7) 1 ero jgocroBepHocTn. OTINYNS cYuTaNn 10-
CTOBEPHBIMU IIPU YPOBHE CTATUCTHYECKON 3HaunMocTu p<0,05.

PesyubraThl U 00CyKA€HUE

B mammx paGorax paHee MoKasaHo, 4ToO Tpu OJjaro-
MPUSATHO TIPOTEKaBIIeil GEPEMEHHOCTH 1 CPOUHBIX POJIaX B

venous blood 7 hours after the birth and venous blood of new-
borns 7 days after the birth. The samples of RUCB were taken
immediately after crossing the umbilical cord. The image of RBCs
was obtained with the aid ofthe atomic force microscope «NTE-
GRA prima» (Russia) in tapping mode. Cantilevers NSGO01-A
were used as probes. Detailed research methodologyhas beende-
scribed in our previous publications |7, 8].

2. Gas composition, acid-base status and lactate blood
level weredeterminedby analyzer GemPremier 3000 (USA).

3. The quantitative indices such as RBCs, hemoglobin
level, and the following indiceswere evaluated:

A.  the mean RBC volume (MCV) calculated by the for-
mula: MCV (fl) = Hematocrit (11")*1000 / Erythrocyte count
(*1012 1'1)

B. The mean level of hemoglobin in RBCs: MCH (pg),
Hemoglobin (g dI'')/ Erythrocyte count (¥10*1")

C. The mean concentration of hemoglobin in RBCs;

MCHC (g dI'") = Hemoglobin (g dI'")/ Hematocrit (117)

D. The distribution of RBCs by volume-RDW, which
includes two indices: the percentage deviation of RBC volume
from the mean one in the population-RSW-CV (%) =
(SD*100%)/MCV(where SD is the standard deviation of the
RBC volume mean ) and the relative width of RBC distribution
by volume — RDW-SD.

The study was performedusing the analyzer Hemolux»
(China) on the 1st, 3rd and 7th days after the birth.

4. Statistical processing of data was carried out using a
standard program Origin 6.1 (Microsoft Office). The significance
of differences was estimatedby the factor analysis of variance
(One-way ANOVA).The results of clinical and laboratory stud-
iesobtained by the methods of descriptive and non-parametric sta-
tistics were processed using software package «Statistica 6.0».
Correlation analysis with the calculation of the correlation coeffi-
cient (r) and its validitywas performed. All the differencesbetween
groupswereconsidered to be significant at P<0.05.

Results and Discussion

Our previous works showed, that 85% of flat-shaped
RBCs and 15% of transformed RBCs circulate in PCR of
newborns in case of favorable pregnancy conditions and in-
term birth: 3% of them are represented by echinocytes and
stomatocytes, 9% by other cells, intermediate RBC forms
caused by intrauterine poikilocytosis [7, 8].

Premature infants were characterized by polymor-
phism of RBCs. Taking into account the great variability
among cells in the study, the statistical data were present-
ed as median (Me, LQ-UQ). The results of the study are
represented in table 1. The following types of erythrocytes
were discovered in the PCR: discocytes, planocytes, stom-
atocytes, echinocyte, other (transitional) forms.
Planocytes are the main RBC form in preterm infants, but
the frequency of their occurrence is different.

Discocyteswerediscoveredin 39.4 percent of prema-
ture infants. In case of favorable course of pregnancy and
developing of acute hypoxia most of the RBCs were rep-
resented by discocytes (Fig. 1), and the morphological
composition of blood was closer to the one of full-term
infants.In premature infants, stomatocyteswere found in
80% of pre-term infants, their number varied from 8% to
95% of the total RBC number. The study revealed that
the pre-term infants with a gestational age of 31—36
weeks were characterized by specificRBC forms, which
variedsignificantly.
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. Critical Conditions In Neonatology
TaGauna 1. Mopdonornueckue GopMbl IPUTPOLUTOR HEOHOIIEHHBIX HOBOPOK/IEHHBIX HA PA3JIUYHBIX ITANAX UCCIIe-
noBanus (Me, LQ—UQ)

Table 1. Various red blood cells (RBC) forms in preterm infants on different stages of the research (Me, LQ—UQ)

RBC forms The level of the indices in the stages of investigation

UB 7 hours 7 days
Discocytes 13 (10—21) 14.1 (4—14.1) 35.5 (6.5—57.5)
Planocytes 53 (17.7—178) 49.5 (12—81) 20 (10—46)
Stomatocytes 20 (9—37) 22 (10—44) 49 (25-76)*
Echinocytes 8 (3.2-28) 11 (5-20.7) 5(2-30)
Others 20 (5—33) 14 (6—30.3) 14 (8—42)

Note (npumeuanue). RBC forms — ¢opmbr apurpormros; discocytes — auckonutsl; planocytes — nuanonuTsl; stomatocytes — croma-
toruTel; echinocytes — axunorutsr; others — apyrue; the level of the indices in the stages of investigation— 3nauenue nokasareseii Ha
aranax uccaegosanust; UB (umbilical cord blood) — ocratounas mynosunnas kposs. * — P<0.01 the significance of the difference com-

pared to UB (Z0CTOBEPHOCTD OTJINYHIT TT0 CPABHEHUIO C OCTATOUHOIT Iy TOBHHHON KPOBbBIO).
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Puc. 1. 306paskenne spuTPOIMTOB HeAOHOMERHOTro pedenka B ¢popmare 3D B mose 100X100 mrm u 10X10 MrMm.
Fig. 1. The image of red blood cells of a preterm infant in 3D format; the area 100X100 mcm and 10X10 mem.

OTIK IOHOMIEHHBIX HOBOPOKAEHHBIX THPKYINPYIOT 85%
PUTPONUTOB TIOCKOH (hopMbl — TmaHonutoBu 15%
TpaHCcHOPMUPOBAHHBIX IPUTPOIIUTOB, UX HUX: O 3% KJIe-
TOK TIPEICTABJICHDI 9XUHOIUTAMH 1 CTOMATOTIUTaMu, 9% —
IPYTUMHU KJIETKAMHU, TPEICTABJISIONINAE MTPOMEKYTOTHDIE
(bopMBI BPUTPOIUTOB, 00YCIOBJIEHHbBIE BHYTPUYTPOOHBIM
noiikusoruToMm |7, 8J.

Jl7ist HEeOHOMIEHHBIX HOBOPOKACHHBIX TIPU POKIE-
HUW XapaKTepeH TMOMNMOPMOU3M 9PUTPOINTOB. YIUTHIBAST
60JIbIIIYI0 BApUaOEIbHOCTD KJIETOK MPU UX HCCAE0BAHIH,
CTaTUCTUYECKUE TAHHBIE MPEACTABICHDLI B BUIE MEIMAHBI
(Me, LQ—UQ). PesynbraTbl UCCIEIOBAHUS MTPEICTABICHBI
B 1abu. 1. B OIIK BbisiBJICHBI CJICYOIIIE BUABI SPUTPOLIU-
TOB: JINCKOIINTHI, TUIAHOTINTHI, CTOMATOIINTHI, 9XIHOIINTHI,
apyrue (mepexoanbie) KAeTKu. [IIanomnuTh SIBISIIOTCST OC-
HOBHOH Mopdosorndeckoil (hopMoit SpUTPOTIUTOB U Y He-
JOHOTIEHHBIX HOBOPOKAECHHBIX, HO YaCTOTA UX BCTpEUae-
MOCTHU Pa3JIMIHasT.

JICKOTIATBI OTpeesisiiinch ¥ 39,4% HeTOHOMIEHHBIX
nereid. [Ipu GaaronpusiTHOM TeueHun GepeMeHHOCTH, 1 OC-
TPO Pa3BUBIIENCS TUIIOKCHH 1071, GOJIBIIUHCTBO PUTPO-
IIUTOB TPEACTABICHO AnCKoIuTamMu (puc. 1), u, B 1es0M,
MOP(hOJIOTHYECKHI COCTaB MPUOJIMKAICA K TOKA3ATEIISAM
JIOHOIIEeHHBIX jieTeid. CToMaToIUThl XapakTepHbl s 80%
HEOHOTIEHHBIX HOBOPOJKIAECHHBIX, UX KOJMIECTBO BapbU-
PyeT B 3HAUUTEJIbHBIX Mpejeax: 8—95% ot 001ero Koiu-

The analysis of RBC membrane nanostructure
revealed that the height of the first order (h) was signifi-
cantly higher in pre-term infants than in full-term infants
(P<0.05). Individual variability of h1 patternwas detected.
This index was 3.8—10 times and1.5—3.2 times higher in
pre-term infants than in full-term infants in 6 and 4 cases,
respectively. Only in 3 children this pattern figures did not
differ from the ones of full-term newborns. The height of
the 2nd order (hy) was 1,5—2,5 times higher in pre-term
than in full-term infants in 50% of cases. The change
ofspectrin matrix is affected by multiple pregnancy, a
severe form of preeclampsia, placenta previa. In 5 children
the changeof spectrin matrix was combined with the sig-
nificant increase of h;. The height of the 3-th order (h3) in
two groups did not differ significantly, i.e. protein condi-
tion remainedstable at birth in all infants (p>0.05).

The data of the main RBC patterns in neonates is pre-
sented in table 2. It was established, that there were no any
sgns of anemia at birth in neonates of both groups, the total
RBC number corresponded to physiological norm. The aver-
age MCV values in premature infants weresignificantly high-
er in pre-term than in in-term infants (»p<0.01), i.e. macrocy-
tosis was observed. It was discovered in 69.7% of cases in the
group of pre-term infants, mainly in case of multiple pregnan-
cies. Planocytes were the main form of RBCs in newborns.
Planocytosiscorresponded to the value of MCV = 96—117 fl.
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Kpurnueckme cocTOSHMSA B HEOHATOAOTUNU

4ecTBa APUTPOIUTOB. B Mcce/[oBaHNH BBISIBJICHO, UTO IS
HEJIOHOIIEHHBIX JIeTel ¢ TeCTallMOHHBIM Bo3pacToMm 31—36
HeJlesTb XapaKTepHbI ipyrue (hopMbl 9pPUTPOIUTOB, KOTO-
Pbl€ UMEIOT BBICOKYIO BapuabebHOCTb.

[Ipu aHaM3e HAHOCTPYKTYPBI MeMOPaH SPUTPOLIUTOB
BBISIBUJIM, YTO Y HEJOHONIEHHBIX HOBOPOK/IEHHBIX BBICOTA
1-ro nopsiaka (h,) mocToBepHO TpeBbIIIALA OKA3aTeb 10-
HomeHHbx geteit (p<0,05). BoisaBuanm WHANBUAYATHHYTO
BaprabesibHOCTh hy. Y 6 HEIOHOIIEHHBIX HOBOPOKIECHHBIX
BEJIMYMHA HTOTO TOPSI/IKA TPEBBINIAIA TTOKA3aTeb JIOHO-
meHHbix gereil B 3,8—10 pas, B 4-x ciyyasax BeswunHa hg
6bLma ToBbIieHa B 1,5—3,2 pasa, ToMbKo y 3-X [eTeil aToT
10Ka3aresib He OTJMYAJICS OT JIOHOMIEHHBIX HOBOPOK/ICH-
HbIX. Beicora 2-ro nopsizka (hy) y 50% HemoHONIEHHBIX Jie-
Teil TIPeBbIIaa MOKa3aTe b JOHOIEHHBIX HOBOPOSK/IEHHbBIX
B 1,5—2,5 pasa. Ha u3MeHeHUe CIEKTPUHHOTO MaTPHKCA
BJIMSIIOT MHOTOILJIOJINE, TsKesiask hopMa rectosa, Ipejiieka-
HUe TIANeHThl. Y 5 eTell U3MEHEHUsT CIIEKTPUHHOTO MaT-
PHKCA COYETAIUCH CO 3HAUUTEIBHBIM YBEJIUUCHUEM BBICOTHI
h; memGpanbl apurporuTos. Beicora 3-ro nopszaka (hs) xo-
CTOBEPHO HE OTJIMYAJINCH MEK/LY TPYIIIIaMHU, T.€. TIPU POsKIIe-
HUU Y BCEX HOBOPOKIEHHBIX CTPYKTYPHOE COCTOsIHUE Oe-
KOB 0bL10 cTabusibHbiM (p>0,05).

JlanHble MccaeI0BaHNs OCHOBHBIX TIOKa3aTeseil apu-
TPOIMUTAPHOTO 3BEHA Y HOBOPOKIECHHBIX TIPE/ICTABICHBI B
TabJ. 2. YCTAaHOBUJIM, UTO TIPU POKACHUU Y HOBOPOKICH-
HBIX 00€UX IPYIII IIPU3HAKOB aHEeMUK He ObLI0, 00Iee Ko-
JIMYECTBO HPUTPOIMTOB M IeMOIVIOOMH COOTBETCTBOBAIU
(usnosnornueckum snauenmnsm. Cpeanss seanunna MCV
Y HEIOHOIIEHHBIX JeTell OblIa J0CTOBEPHO BBILIE, YeM Y
nmonomenHbx (p<<0,01), T.e. xapakTepen Makporurto3. B
TpyIITe HeOHOIEHHBIX /IeTel oH BeTpedascst B 69,7% ciry-
4aes, MPEUMYIIECTBEHHO Y HOBOPOXKAEHHBIX OT MHOTO-
I0AHON GepeMeHHOCTH. IIIaHOINTHI ABIAINCH OCHOBHON
(opmoii KIeTOK y HOBOPOKIEHHBIX. [lmaHoIuTO3y coot-
BercrBoBasia BesmunHa MCV = 96—117 fl. [Tokaszarenu
MCH, MCHC, RDW-SD Tax:e 611 TOCTOBEPHO BBIIIE
y neponomenusix gereit (p<<0,01). Borasaennbie nuamene-
HUS SIBISIOTCS (PU3NOJIOTHUECKUM SIBJICHUEM JIJISI HEJIOHO-
IIEHHBIX HOBOPOJKJEHHBIX, T.K. CYIIECTBYET 3aKOHOMEp-
HOCTb, YeM MEHbIIIEe T'eCTAIlMOHHBII BO3PACT, TEM BbIIIE

The indicators of MCH, MCHC, RDW-SD were also signifi-
cantly higher in preterm infants (p<0.01). Specific changes are
physiological phenomenon,which is typical for premature
infants, in which the smaller the gestational age is, the higher
is the MCVindex. That means thatthe smaller the gestational
age of the child is, the more extensive is macrocytosis. The lat-
terdetermines the transport of oxygen to the tissues of the
fetus at a certain stage of ontogenesis. The data obtained
match the results of the studies of other authors [10].

The early neonatal period was characterized by
poykilocytosis;the morphological composition of RBCs
wasnot changedby the 7th hour of postnatal life (table 2).
In some cases, changes of nanostructure of RBC mem-
braneswere detected: increase of h1 was observed in 3 new-
borns, i.e. flickering of RBC membrane remained, the
height of h, was increased in only one child, the decrease of
corresponding indices was observed in other cases.
Significantly stomacytosis was observed on the 7th day
after the birth (p<0.05), h; increased in 4 premature
infants, i.e. the RBC membrane flickering increased.

A significant decrease of RBC number and hemoglo-
bin occurred on the 7th day of life (p<0.05), which is a phys-
iological process, reflecting the neonatal period in new-
borns. The mean RDW-CV was stable within the whole
time of the study. The dynamics of other RBC indicators
levelsarepresented in figure 2. The mean MCV, MCHC in
premature infants had no tendency to decrease, i.e. macro-
cytosisremained, there has been a significant decrease in
MCH and RDW-SD, which is the pattern, since both indi-
cator depend on the level of hemoglobin (p<0.05).

By the end of the early neonatal period, the clinical
condition of 94% ofpremature infants improved, respirato-
ry failure resolved, ventilaton and infusion therapy were
terminated. Twolethal cases were due to the severe con-
genital pneumonia.

Correlation analysis showed multiple correlations
between metabolism indicatorsand RBCindicesand the
resulting regression equation was obtained:

A feedback linkof medium strength between body
weight and MCH at birth (=—0,4, p=0,049); MCH =
44,382-0,0028*x

Ta6mmua 2. IlokazaTesu 3pUTPOIUTAPHOTO 3BE€HA Y HOBOPOIKIEHHBIX IIPH POKIEHHH

Table 2. Red blood cells (RBC) indices in newborns at birth

Parameters Value of parameters in the groups P
preterm full-term

Er*10”/L 4.96+0.9 5.38+0.65 0.12
Hb, g/1 192.4+31.9 177.6+26.2 0.14
MCV, fl 98.5+8.9 90.7+1.8% 0.003
MCH, pg 38.6+2.5 32.8+1.9* 0.000000
MCHC, g/1 395.6+£39 361.7+13.1* 0.003
RDW-CV, % 15.4+0.5 15.3+0.7 0.66
RDW-SD, fl 53.8£3.3 50.6+2.2*% 0.002

Note (npumeuanue): parameters — nokasaresy; value of parameters in the groups — snauenue nokasareJieii B rpyriax; preterm — Hei0HO-
mennbie; full-term — ponomennsie; Er*10"/L — red blood cells (kommuectso apurpormros); Hb, g/l — hemoglobin (remorno6un); MCV, fl
— mean cell volume (cpennuii o6bem spurpormtos); MCH, pg — mean corpuscular hemoglobin (cpeaniee cogepskarune reMorsioduta B apu-
tpormte); MCHC, g/l — hemoglobin concentration in a given volume of habed erythrocytes (cpeamsisi KoHieHTpaiysi reMorso6uHa B
3amanHOM oOBeme apuTporToB); RDW-CV, % — coefficient variable of red blood cell distribution (mporent otkmoneHns obGbema spuTpo-
ITOB OT cpeziHero snauenust B nomyasaimu); RDW-SD, fl — red blood cell distribution width with standard devration (oTHocuTeBHAS 1IN~
PUHa pacrpe/iesieHus SpUTPOIUTOB 110 00bemy); ¥ — P<0.01— the significance of the difference between the groups (nocroseprocTs oriim-
YMIi MEKLY TPYIITIaMM).
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mokasareab MCV. Te. uem MeHbIe TeCcTaIMOHHBIN BO3-
pact pebeHKa, TeM (oJIblie BhIPAKEH MAKPOIIUTO3, YTO HA
OTIpe/ICIEHHOM JTale OHTOTeHe3a OMPEAEsSeT TPAHCIIOPT
KHCJIOPO/Ia K TKaHgaM 1iofa. [losydennbie ganHbie coot-
BETCTBYIOT UCCJIEIOBAHUSIM JPYTHX aBTOPoB [10].

Teuyenue paHHEr0 HEOHATATHHOTO MEPHOJA XapaK-
TEPU30BATIOCh COXPAHEHUEM MOHKUJIONKUTO3a, K 7 dacam
MTOCTHATATBHOH JKM3HU MOP(HOJIOTUICCKUH COCTaB PUT-
pouuToB He uamenusicst (tabur. 2). B oraenbHbIX caydasix
BBISIBJISLIM U3MEHEHMsI HAHOCTPYKTYPbI MeMOpaH: y 3-X
HOBOPOJKIEHHBIX OTMeYai POCT Beauuuubl hy, T.e. co-
xpanstics flickering memGpanbl apuTpOUTOB, BbicoTa hy
YBEJUUUIACH TOJBKO y OAHOTO pebGeHKa, B OCTaJbHBIX
CIIyYasix MPOU30ILI0 CHUKEHUE UCCIIEelyeMOTOo oKasaTte-
sist. K 7-M cyTKaM JKM3HU TOCTOBEPHO YBEJUYHUIICS CTOMA-
toruros (p<0,05), Bbicora hy Bozpocia y 4 HeIOHOIIEH-
HBIX HOBOPOKAEHHBIX, T.e. ycuauics flickering
MeMOPaHbl 9PUTPOIIUTOB.

K 7-M cyTKkam JKM3HU TIPOU3OIILIO JI0CTOBEPHOE CHH-
JKEHUE  KOJMYECTBAa 9PUTPOIUTOB M IeMOrJIoOuHa
(p<0,05), uTo ABISTETCST PUINOTOTHUECKI TTPOTIECCOM, OT-
PAKAIONUM TeUeHHe HEOHATAIBHOTO NMEPUO/IAa Y HOBOPOK-
nennbix. Cpensas semmunaa RDW-CV 6blia crabuabpnoit
B Te€UEHHE BCETO BPEMEHU MCCIeoBanus. /IluHamMuka npy-
IUX TOKa3aTeseil apUTPOIMTAPHOTO 3BEHA MPEICTaBIeHA
Ha puc. 2. Cpennsis Besimunna MCV, MCHC, y nenono-
HIEHHBIX JIETeHl He MMesa TeHICHIINN K CHIKEHUIO, T.€. CO-
XPAHSIJICS. MAKPOIIUTO3, TIPH 9TOM TIPOU3OIIIO JIOCTOBEP-
voe cHmkeane MCH un RDW-SD,
3aKOHOMEPHOCTBIO, T.K. 002 OKa3aTesl 3aBUCST OT YPOBHS
remoryiobuna (p<0,05).

K KOHITY paHHETO HEOHATAJIbHOTO TIEPpro/ia KJIMHNYIC-

4TO ABJAECTCA

ckoe coctostare 94% HEeTOHOMIEHHBIX HOBOPOKACHHBIX
VIIYUIINJIOCh, Pa3peliniach bIXaTeJbHas HEJI0CTaTOu-
HoCTb, nipekpaiiensl UBJI, nndysuonnas tepanus. B 2-x
CIlyYasixX HACTYIIUJI JIETAJIbHbII UCXO/, 00YCJIOBIEHHbI Te-
YEHHUEM BPO’KIEHHON ITHEBMOHUH.

KoppesisiiinoHHbII aHaIu3 1MoKasas, 4To Y HEJOHO-
HIEHHBIX HOBOPOJK/ICHHBIX CYIIECTBYIOT MHOKECTBEHHbBIE
KOPPEJISAIIMOHHbBIE CBSA3U MEXKIY IOKasaTeJasMu MeTabo-
JIN3Ma U SPUTPOIMTAPHBIMU MH/IEKCAMH, & TAKKE MOJIyde-
HO ypaBHEHUE PErpecCHi:

e OO0parHast CBsA3b CPEAHEN CHJIbI MEKIY MacCoi
tena 1 MCH npu poxaenun (=-0,4, p=0,049); MCH =
44,382-0,0028*x

* OO0parHast CBsA3b CPEAHEN CHJIbI MEKIY MacCoi
teta 1 RDW-SD mpu poxzaenun (r=-0,5, p=0,008);
RDW-SD = 62,5803-0,0044*x

e Tlpsimasi cBSI3b CPEHEN CUJIBI MEKLY XOJIeCTepu-
oM (XC) m MCV mpu posxaenun (r=0,5; p=0,01); XC =
—-2,3552+0,0436*x.

* OOparHast CBSA3b CPEAHEN CUJIbI MEXK/Y T€MOTJIO-
6unom u MCV npu poxaennn (=—0,5, p=0,01); MCV =
129,468-0,1538*x.

e Ilpsamast cBsI3b cpemHell CHJIBI MEKIy BBICOTON
MeMOpaHbl SPUTPOIUTOB 1-r0 TTOPsIIKA U BEJIMYNHOIT CTaH-
naprraoro 6ukapbonara (SBC) uepes 7 wacos mocse posxk-
nenust (r=0,5; p=0,04); h, 7 vacos + = 2,8327+0,0983*x
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Puc. 2. OcHoBHbIE TIOKa3aTeJ I IPUTPOILHTAPHOTO 3B€HA y HEJ[0-
HOIIEHHBIX HOBOPO3K/I€HHbIX.

Fig. 2. The main red blood cells (RBC) indices in preterm infants.
Note (upumeuanue): at birth — upu poxaenun; days — nuu;
gemoglobin (Hb) — remorno6un; MCHC — mean corpuscular
hemoglobin concentration (cpemnee cozpepskanye reMoroOnHa B
sputporurax); MCV — mean cell volume (cpeanuii o6bem aput-
poiroB); RDW-SD — red blood cell distribution width with
standard devration (mmpuHa pacrpemesneHns IPUTPOIUTOB IO
o6bemy); MCH — mean hemoglobin concentration in erythrocyte
(cpennee copepskanue reMorsiobuna B apurpormre). * — P<0.05
versus umbilical red blood (mocroseprocts oTmumii 110 cpaBHe-
nuio ¢ OIIK).

* A feedback linkofmedium strength between body
weight and RDW-SD at birth (=—0.5, and p=0.008);
RDW-SD = 62,5803-0,0044%x

* A direct linkof medium strength between choles-
terol (LDL) and MCV at birth (+=0,5; p=0.01); XC =
—2,3552+0,0436%x.

o A feedback link of medium strength between
hemoglobin and MCV at birth (+=0,5, p=0.01); MCV =
129,468-0,1538*H.

e A directlink of medium strength between the
height of the erythrocyte membrane 1-th order and the
value of the standard bicarbonate (SBC) after 7 hours of
birth (r=0,5; p= 0.04); h, 7 hours + = 2,8327+0,0983*x

* A directlink of medium strength between hemo-
globin and MCHC on the first day of life (=—0.5, and
p=0.01); MCHC = 262,7947+0,6705%*H.

Thus,macrocytosis, intrauterine poikilocytes, viola-
tion of the macro-structure of RBC membranes weretypi-
cal for the preterm infants. Intrauterine hypoxia affects
two nanostructuralcomonentsof theRBC membrane,phos-
pholipid bilayer and spectrin matrix. The damage of the
protein component of the membrane, however, does not
occur. The changes are reversible and their aim is to pre-
serve the RBCs functional capacity in the early period of
adaptation. Gestational age, infants'sbirth weight, hemo-
globin, cholesterol and standard bicarbonate blood level
affect the RBC indices.

The early neonatal period was characterized by
an active process within theRBCmembraneswhen
their morphological forms are changingthat demon-
stratehe ongoing reorganization of erythropoiesis and
adaptation of a premature infant to a new environ-
mental conditions.
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Kpurnueckme cocTOSHMSA B HEOHATOAOTUNU

o IlpsiMast CBSI3b Cpe/IHelt CUITbI MEKLY reMOTIo0u-
mom 1 MCHC B mepBoie cytikn sxusnu (r=—0,5, p=0,01);
MCHC = 262,7947+0,6705*x.

Taxum 06pa3oM, TIPU POKACHUN 1T HELOHOMICHHBIX
HOBOPOJKJICHHBIX XapaKTepeH MaKPOIUTO3, BHYTPUYTPOO-
HBIII TTOUKUJIONUTO3, HAPYLIEHHE MAKPOCTPYKTYPbl MeMO-
paH 9pUTPOIMTOB. BHYTPryTPOOHAS TUIIOKCUS BJIUSIET HA
JIBE HAHOCTPYKTYPbl MeMOpaHbl aspurpoiura: (Hocdom-
MUAHBIN OMCTON M CHEeKTPUHOBBIM Matpukc. [ToBpexie-
Hust GEJTKOBOTO KOMIIOHEHTa MEMOpPaHbl HE MPOMCXOJIMNT.
BoIABICHHDBIC M3MEHEHUS ABJIAIOTCA OOpPaTMMBIMU W Ha-
[IpaBJIeHbl Ha COXPaHeHUe PYHKIIMOHAIBHON CIIOCOOHOCTH
PUTPOIUTOB B paHHeM Teproe aganrtainun. Ha mokasare-
JIV 9PUTPOIUTAPHOTO 3BEHA TIPU POYKIECHUH BIIUSIOT TECTa-
IIMOHHBIA BO3PAcT, Macca Teaa pebeHKa, KOTM9ecTBO TeMO-
rnobuna, cojaep/KaHue XOJeCTepuHa M CTaHZaPTHOTO
O6ukapbonara B KpoBH. TeyeHme paHHEro HEOHATAILHOTO
Mepuoja XapaKTepU30BaJOCh AKTUBHBIM ITPOIECCOM Ha
MeMOpaHax 3PUTPOIUTOB, CMEHONH MOP(POJOTHICCKUX
(hopm, 4TO CBUIETENBCTBYET O TIPOJOJIKAIOIIEHCS TTOCTHA-
TaJbHOU MEPECTPONKe HPUTPOII0I3a, AJANTAIUN HEIOHO-
[IEHHOTO peOEHKA K HOBBIM YCJIOBUSIM BHEIIHEH CPE/IbL.

3akiaouyeHue

HeGnaronpusitHoe TedeHne G6epeMEHHOCTH, OCTOXK-
HEHHOE BHYTPUYTPOOHON THIOKCHEH IJIO/A, BJMSET Ha
MOP(OTIOTHUECKYIO CTPYKTYPY 3PUTPOIUTOB, BHI3BIBACT
(yHKIMOHATBHBIE U3MEHEHUST HAHOCTPYKTYPBI MeMOpaH,
YTO MPOSBJSETCS Y HEJJOHONIEHHBIX HOBOPOKJCHHBIX BbI-
PaKEHHBIM OWKUIIONUTO30M, yenseHHbM flickering mem-
GpaHbl HPUTPOIUTOB U M3MEHEHHUSIMI CTIEKTPUHHOTO Mart-
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Conclusion

Unfavorable course of pregnancy complicated by
intrauterine fetal hypoxiaaffects the RBC morphological
features andcauses functional changes of RBC membranes
nanostructure leading to extensive poikilocytosis, strong
flickering in RBC membranes and changes of spectrin
matrix in premature neonate. The revealed changes
demonstrate the influence of hypoxia on the nanostructure
of RBC membranes. The early neonatal period is charac-
terized by postnatal reorganization of circulation, active
RBC membranesand poikilocytosis.
Macrocytosis andplanocytosis reflect the state of compen-

process in

satory erythropoiesis. It is a physiological condition of
RBCs in premature babies. Normalization of RBC mor-
phological composition does not occur till the end of the
early neonatal period, and therefore, further clinical obser-
vation and laboratory control are needed.

puKca. BoisiBJIeHHbIE MI3MEHEHUST CBUIETEJILCTBYIOT O BJIU-
SIHUU CTEIIeHU TUIIOKCUK Ha HAHOCTPYKTYPY MeMOpaH apu-
TPOIMTOB. TeueHne paHHEr0 HEOHATATIBHOTO TIEPUOJIa Xa-
pakTepusyercs
KPOBOOOPAICHNs, aKTUBHBIM ITIPOLECCOM Ha MeMOpaHax

MMOCTHATATbHOMN epecTPONKOMI

PUTPOIUTOB, COXPaHEHUEM IMONKMJIONNTO3a. Makporm-
TO3 ¥ MJIAHOIIUTO3 OTPAYKAIOT KOMIIEHCATOPHOE COCTOSTHUE
APUTPOII0I3A, SABJISAIOTCS (HUHOTOTUIECKUM COCTOSTHUEM
APUTPOIUTOB /IJIsI HEJIOHOIIEHHBIX aeTeil. Hopmanusamm
MOP(hOTOTHYECKOTO COCTABA HPUTPOIMTOB K KOHILY paHHE-
rO HEOHATAIBHOTO MEPHUOJIA He TPOUCXOINT, B CBSI3U C YeM,
HEe0oOXOMMO JasibHeliIIee KIMHNYeCKoe HabJTIoIeHIe U Jia-
6OPAaTOPHBIN KOHTPOJIb.
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