DOI:10.15360,/1813-9779-2017-2-14-23
Critical States in Newborns
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Iexns paGorbl. BoisiBiienue ocobeHHOCTEN MOPMOIOTUY SPUTPOLIUTOB Y HOBOPOKIEHHBIX, IEPEHECHINX TI€PU-
HaTaJIbHYIO THIIOKCUIO, METOZIOM aTOMHON CUJIOBOI MUKPOCKOIIUH.

Marepuan u Metoasl. V3yuwin cocrosinie MeMGpat spuTpoiiutoB y 10 HOBOPOKIEHHDIX, [IEPEHECIINX TTePU-
HATAJIBHYIO TMIIOKCHIO. Bee HOBOPOSKIEHHBIE POJAMJINCDH ¢ HU3KON OIEHKOH 110 IKajge Amrap, Mpu poskKIeHUN UM
MIPOBEJIN PEAHNMAIIOHHbBIE MEPOIPUSITHST: NHTYOAIMIO TPaXeH, EPEBO/] HA UCKYCCTBEHHYIO BEHTUIISIIIUIO JTETKUX
(BJI). N3 poanbHOTO 32712 HOBOPOXK/IEHHBIX TPYIIIBI MCCIIEOBAHNS TIEPEBO/UIIH B MAJaTy peaHNMAINH, Tae X
nozksodanu K annapary UBJL. /s nosrydeHust u306pakeHust HOPMaJIbHbIX 3PUTPOIUTOB B [OJIE ATOMHOT'O CHJIO-
Boro mukpockorna (ACM) Bbigesun rpyiiy cpaBHeHust u3 14 0OHOIIEHHBIX HOBOPOKIEHHBIX ¢ GJIArOMPUSTHBIM
TeueHreM OepeMEHHOCTU 1 HOPMATbHBIMU CPOYHBIMU POJIAMHU.

Pesyubrarel. B ocraToynoil IyTOBUHHOI KPOBM HOBOPOXK/ICHHBIX, IEPEHECIINX TTEPUHATAIBHYIO THIIOKCHUIO, JINC-
KOLUTHI U IJIAHOIUTBI COCTABJSIN 36% OT 0OIIEro KOJIMYECTBa 9PUPOIIUTOB, OTMEUAIOCh CHUZKEHHOE COZiepKaHue HOP-
MaJIbHBIX ()OPM BPUTPOLIUTOB, YTO CBUAETENBCTBOBAIIO O HEOJIATOIPUATHOM BO3IEHCTBIU THIIOKCHU HAa MEMOPaHy 3pH-
TPOLUTOB HOBOPOKEHHBIX. [lJIst [IeTell, IepeHeCInX MePUHATATIbHYIO THUIIOKCHUIO, ObLI XapaKTepPeH IOUKIIOUTOS.,
BU3YATU3UPOBAINCH MIePEXOIHbIe (POPMBI APUTPOIUTOB: CTOMATOLUTBI U 3XUHOIUTBL. CTOMATOIUTO3 U 3XUHOIUTO3
6b1n XapakTepHbl 1ist 80% HOBOPOsKAEHHBIX. CTOMATOIMTO3 COXPAHSIICS Y JIOHOIIEHHBIX HOBOPOK/IEHHBIX, [IEPEHeC-
IIIMX TUTTOKCHIO, OCTOKHUBINYIOCS HEOHATAIBHON acTipaliiiell MEKOHEM. AHAIN3 HAHOCTPYKTYPbI MeMOpaH SpUTpo-
LUTOB MOKA3aJl, YTO TIPU POKAEHUU Y HOBOPOKIEHHBIX C TIePUHATAIBHON TUIIOKCHEN HaOOIbIINM U3MEHEHIM ObLa
nojBepskeHa Bbicota nepsoro nopsiaka (hy): ee BesmunHa B 4,2 pasa mpeBbllaia AHAJIOTUYHBIN OKA3aTeb 3I0POBBIX
HOBOPOKIEHHBIX. Bbicota BToporo nopsaka (h,y) nmpesbiiiana anaIoruuHbIi oKasaTesib B 2 pasa, T.e. CIIEKTPUHHDIN Ma-
TPUKC TaK’Ke U3MEHsICS! O] BJUsIHUEM TUIoKcuu. Besmunna Tperbero nopsizika (hs) takske ObLia 10CTOBEPHO BbIIIIE Y
HOBOPOJK/ICHHBIX, IEPEHECIITHX TEPUHATATIBHYIO THIIOKCHIO, 110 CPABHEHUIO CO 3/I0POBBIMU HOBOPOsKeHHBIMU. [TeprHa-
TaJlbHAS THIIOKCUSI BBI3bIBAJIA AHTEHATAJIHOE MIOJIHOE TIOBPEK/ICHIE HAHOCTPYKTYPhI MEMOPAH 9PUTPOIUTOB.

3akmouenne. [lepunaraabHas TUIIOKCHS BbI3bIBAaeT U3MeHeHre MOP(OIOTuI PUTPOIUTOB U HapyIlleHe HaHO-
CTPYKTYPbI MeMOpaH. BbisiBjleHHbIEC M3MEHEHUSI CBUETEIbCTBYIOT O BJAMSHUM CTEIICHH TUIIOKCHU Ha BCE UCCJIEI0BAH-
HbIe KOMIIOHEHTBI HAHOCTPYKTYPbI MeMOPaHbl 5pUTPOIITA: (GOChHOIUIUAHBINA OUCII0i, OEJTKOBbIE KOMIIOHEHTHI MEM-
GpaHbI, CIIEKTPUHOBBIN MaTPUKC. VI3MeHeHMe BICOT U IPOCTPAHCTBEHHBIX IEPUOJIOB OBepxHOCTel MeMmOpan hy u hy
APUTPOLUTOB, CBA3AHHOE C T'MIIOKCHUEH, TI0-BUMIMOMY, HAIIPABJICHO HAa KOMIIEHCATOPHOE yBEJIMYCHUE TOBEPXHOCTH
MeMOpaHbl SPUTPOIMTA, CIIOCOOCTBYIOIIEE YBEIUYEHHIO TIOMNIAH ra3o00Mena. JlaHHbie n3MeHeHst, BEPOSITHO, SIBJISI-
I0TCS IPUCTIOCOOMTENBHOI peakiiell, HalpaBJIeHHOI Ha coXpaHeHue (hYHKIIMOHAIBHOI CIIOCOGHOCTH 9PUTPOIUTA
1pu runokcun. Tedyenue paHHero repruoja azantarui (MOCTTUIOKCHYECKHI TIEPUOJT) XapaKTepU30BaIoCch HecTa-
OUIIBHOCTBIO BCEX MCCIIEOBAHHBIX KOMIIOHEHTOB HAHOCTPYKTYPbI MEMOPaH 3pUTPOLIUTOB, OOJIBIION BapruabebHOC-
TbI0 MOposornueckux hopm. IlociecTBUS EPUHATAIBHOTO BO3IEUCTBISI THIIOKCUM HAa MeMOPaHy SPUTPOIMTOB
COXPAHSIJINCH B TeYEHUE OITPE/IeIEHHOTO BPEMEHHM, U BBIXO/IMJIN 32 PAMKHM PaHHEro HEOHATAIbHOTO TIEPUO/IA.

Knmioueevte cnosa: nepunamanvhas eunokcus; MemMOopana spumpouumos; Hamocmpykmypa membpar; Ho6opoic-
dennwle
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Kpurnuyeckme cOCTOSIHUS HOBOPOSKAEHHBIX

Aim. To study the red blood cell (RBC) morphology in newborn infants with a history of perinatal hypoxia
using the atomic-force microscopy.

Material and methods. The state of RBC membranes of 10 newborns with a history of perinatal hypoxia was
studied. All infants were born with low Apgar scoring; the following resuscitative measures were carried out at
birth: tracheal intubation, mechanical ventilation (MV). The study group newborns were transferred from the
delivery room to the ICU, where MV was started. To obtain images of normal red blood cells in the field of the
atomic force microscope (AFM), 14 full-term newborns delivered after a favorable course of pregnancy and nor-
mal term labor were enrolled in a reference group.

Results. Discocytes and planocytes comprised 36% of the total red blood cell count in the residual umbilical
cord blood of newborns with a history of perinatal hypoxia; there was a decreased amount of normal RBC forms,
thus demonstrating an unfavorable effect of hypoxia on newborn's RBC membrane. Poikilocytosis was typical for
infants exposed to perinatal hypoxia; transitional forms of RBCs (stomatocytes and echynocytes) were visualized.
Stomatocytosis and echynocytosis were typical for 80% of newborns. Stomatocytosis persisted in full-term new-
borns exposed to hypoxia complicated with aspiration of neonatal meconium. The analysis of RBC membrane
nanostructure demonstrated that the first-order height (h,) experienced the greatest alterations at birth in new-
borns with perinatal hypoxia; it was 4.2 times as much as the similar parameter in healthy newborns. Estimations
of second-order height (h,) parameter values demonstrated a two-fold increase showing that the spectrin matrix
also changed under the effect of hypoxia. The third order value (hy) was significantly higher in newborns with peri-
natal hypoxia, than that in healthy infants. Therefore, perinatal hypoxia causes antenatal complete damage of
nanostructures of RBC membranes.

Conclusion. Perinatal hypoxia alters RBC morphology and impairs the nanostructure of membranes. These
changes confirmed the effect of the hypoxia degree on all nanostructures of RBC membranes: phospholipid bilay-
er, protein elements of the membrane, spectrin matrix. Changes in heights and spatial periods of the red blood cell
membrane surfaces h; and hy associated with hypoxia apparently are aimed at a compensatory increase in the red
blood cell membrane surface contributing to the increase of the gas exchange area. These changes may represent
adaptive responses to hypoxia aimed to preserve the functional capabilities of red blood cells. The course of an early
adaptation period (post-hypoxic period) is characterized by the instability of all nanostructures of red blood cell
membranes and a greater variability of morphological forms. Effects of perinatal hypoxia on the red blood cell

membrane persist for some time and go beyond the early neonatal period.
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Beenenue

[Tepunarampras runokcus (111 ocraercs akry-
AJIbHOI 1TPO0JIEMOI TIEPUHATOJIOTHH, YTO 00YCIIOBIIE-
HO psiioM (baKTOPOB, OTSITOIIAMIINX TeueHre Gepe-
MEHHOCTH W POJIOB. YCWJIUS CHENUATUCTOB MHOTUX
CIEIUAIBHOCTEN HaIpaBJIeHbl Ha MPOPUIAKTHKY,
PAHHIO JMArHOCTUKY W JIeY€HUE ITOTO COCTOSHIS.
[Tpu pasBuTum mepuHaTaIbHOU achukcum KpaiiHe
Ba)KHA PAHHSS TMATHOCTUKA BO3MOKHBIX MTOBPEK/IE-
HUIl OPraHOB M CHCTEM HOBOPOJKIEHHOTO peOeHKA.
Wcrnosb3oBanme CTaHAAPTHBIX TTOCTHATATIBHBIX METO-
JIOB KOHTPOJIST ISl IMArHOCTUKU TTOBPEKICHUI He
BCET/IA TIO3BOJISIET BBISBJISATH UX B PAaHHWME CPOKH 3a-
6oJIeBaHS, B CBSI3H, C YeM HEOOXOAUMO YIITyOIeHHOE
u3ydyeHue MPUYUH W TOCTENCTBHI TepUHATAIbHOM
ac(hUKCUH y HOBOPOXKIEHHBIX [ 1—3].

OPUTPOIMTHI SABJSIOTCS Ba)KHEHIIUMU KJIETKA-
MU, KOTOPbIE, C OJHONW CTOPOHBI, OCYIIECTBJISIOT
TPAHCIOPT KUCTIOPOJIA, C IPYTOM — MOABEPraloTCs U3-
MEHEHUSIM TIpU BozzelicTBun runokcuu. CyiecTBy-
10T (QDU3NOJIOTHUECKUE OTIMUUS IPUTPOIIUTOB HOBO-
poskieHHOro peberka. IIoHnMaHue PasIndrii MexIy
HPUTPOIUTAMHI HOBOPOKJIEHHBIX U B3POCJbBIX OYECHb
BaKHO B OIl€HKE TIEPUHATAJILHBIX IOBPEXAECHUN Kile-
TOK. DTU Pa3JInyusl BKJIIOYAIOT U3MEHEHUS B pa3Mepe
1 (hopMax apUTPOIIUTOB, COCTaBE TIOOMHA ¥ KJIETOU-

Introduction

Perinatal hypoxia (PH) remains an urgent
problem of perinatology due to a number of factors
which complicate the course of pregnancy and labor.
Numerous studies are directed at prevention, early
diagnosis and treatment of hypoxia of neonates. If
perinatal asphyxia develops, early diagnosis of possi-
ble damage of newborn's organs and systems is
urgently needed. Despite standard postnatal moni-
toring methods, however, injuries may not always be
diagnosed during the early stages of the disease, and
therefore, thorough investigation of causes and con-
sequences of perinatal asphyxia in newborns is
required [1—3].

Red blood cells (RBC) are the most important
cells that, on the one hand, perform the oxygen
transport, and on the other hand, they are subject to
changes when exposed to hypoxia. There are physio-
logical differences in RBCs morphology of a new-
born infant. Understanding the differences between
RBC of newborn infants and adults is very important
in assessing the perinatal cell damage. These differ-
ences include changes in the size and shapes of RBC,
globin composition, and cellular metabolism. A nor-
mal RBC membrane is composed of lipids and pro-
teins that interact to preserve RBC physiological
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Horo Merabosama. B HopMe MeMGpaHa apuTpOIUTa
COCTOUT U3 JIMITUIOB 1 OEJIKOB, KOTOPbIE B3aUMOIeli-
CTBYIOT TaK, YTOObI COXPAHUTH 3PUTPOIMTY (DUBHO-
JIOTHYECKYTO 1e(OPMUPYEMOCTh U THOKOCTD, obectie-
YUBAIONIUe IUPKYJSAINNAI0 KpoBU. KosmdecTBeHHbIE
WJIA KaueCTBEeHHbIE e(eKThl B MeMOPaHHbBIX OeJIKaX,
KOTOPbIE BO3HUKAIOT ITPU BO3AEHCTBUN HEOJIArOIPH-
SITHBIX YCJIOBUI Ha MeMOPaHy aPUTPOIIUTA, IPUBOST
K YMEHbIIEHUIO JeopMupyeMocTt MeMOpaHbl 1 He-
CTaGUIIBHOCTH, TIOCTIEAYIOIIEMY Pa3PyIIEHIO KIE€TOK
[4]. CriocobHOCTD BPUTPOIUTOB K AeOPMAIi MEM-
OpaH 00YCJIOBJIEHA COCTOSTHUEM caMuX MeMOpaH [5].
[Iporpeccupyioriue namMeneHust GopM IPUTPOITUTOB
COTIPOBOXKIAIOTCS HAPYIIEHUSIMHU ITHUTOCKeJeTa |
[JTa3MaTUIeCKON MeMOpaHbl, CHUKEHHEM BHYTPH-
kierounoit konientpaiun AT® [6—8], a Takke uz-
MeHeHreM (DYHKIIMOHAIBHBIX CBONCTB 9PUTPOIUTOB:
CHIKEHUEM TPAHCIIOPTHON (DYHKIIUH, TTOBBITIEHHON
nedopmupyeMocTbio MeMGpat [9].

MeMmGpaHa 3PUTPOIUTOB OCOOEHHO YYBCTBU-
TeJbHA K OKCUAATUBHOMY cTpeccy. MHbopmaius o
TOM, KaK 3aITyCKaeTcsl OKCUIATUBHBIN CTpecc, U 0 Me-
XaHW3MaX €r0 BO3JIEUCTBUS HA HPUTPOIUTHI MOXKET
JIaTh OTBET HA BOIIPOCHI O MPUYMHAX aHEMWH HEIOHO-
NIEHHBIX 1 O MEXaHU3Me ITOBPEKAECHUS IPUTPOITUTOBR
npu runokcuu. IlocaeHue THIIOTE3BI O MEXaHU3Me
OKUCJTUTENBHOTO TIOBPEKICHNSI KPACHBIX KJIETOK, U
JIOKA3aTeJIhCTBA CBSI3EH MEKYy HPUTPOIUTAMU, OK-
CUJIATUBHBIM CTPECCOM U TUTIOKCUEH TIPEOIaraioT,
YTO TIOBPEKIEHUE IPUTPOITUTOB Y HOBOPOKIECHHBIX
UHJYLUPYETCS TSKeJION TUIIOKCHel M aluio3oM B
nepuHaTaabHbIi iepuo [10].

B kauectBe moaTBepKAEHUS acHUKCUM TIPU
POXKAEHUU TIPEJIOKEHO MCCIE0BAHNE KOJNIECTBA
obpasosannbix azaep spurporuros (NRBC) B ocra-
touHoil mymnosuHHON KpoBu (OIIK). KomOunaris
NRBC u rumnokcudecku-uieMuueckas sHIedaso-
narust 00JIafaeT BHICOKOH TPeCcKasaTelbHON CHION
JUTSL OTIpe/Ie/IeHNsT TTPOTHO3a ac(hUKCUU Y HOBOPOXK-
JeHHbIX, T.e. aucbananc NRBC gapisercss nportoc-
TUYECKUM OMOMapKePOM IepeHeceHHOi achukcuu
HOBOpOXAeHHOTO [11].

Heb6maronpusithoe Teuerne 6epeMeHHOCTH, OC-
JIOKHEHHOE BHYTPUYTPOOHON THIIOKCHEH miioja,
BJIASIET HA MOP(HOTIOTUIECKYIO CTPYKTYPY PUTPOIIH-
TOB, BBI3BIBAET (DYHKITMOHAIbHbIE N3MEHEHMSI HAHO-
CTPYKTYPBI MeMOpaH, YTO MPOSIBJISETCS Y HEIOHO-
MIEHHbIX HOBOPOSK/IEHHBIX BBIPAKEHHBIM
MOWKUJIONUTO30M, YCUJIIEHHBIM (DIIMKKEPUHTOM MeEM-
OpaHbl 9PUTPOIUTOB ¥ UBMEHEHUSIMU CIIEKTPUHHOTO
MaTpUKCa. BpISBIeHHbIE MI3MEHEHUST CBU/IETEILCTBY-
10T O BJIWSTHUW CTETIEHW TUITOKCUU HA HAHOCTPYKTYPY
MeMOpaH 3PUTPONUTOB. TeueHWe pPaHHEro HeoHa-
TAJHHOTO MEPUOJIa XaPAKTEPU3YeTCs TIOCTHATAIBHOM
epecTpoiKoil  KpoBooOpalleHus, COXpaHeHUeM
MOMKMJIONUTO3a. MaKpoIUTO3 M TMJIAHOIUTO3 OTpa-
JKAIOT KOMIIEHCATOPHOE COCTOSTHIE HPUTPOIT093a, SIB-
JISTIOTCS (DU3UOTOTUIECKUM COCTOSTHUEM 9PUTPOITH-

deformability and flexibility and ensure the blood
circulation. Quantitative or qualitative defects in
membrane proteins that occur when the RBC mem-
brane is exposed to adverse environment result in
reduction of the membrane deformability and insta-
bility followed by the destruction of cells [4]. The
ability of RBC to deform is due to the state of the
membranes themselves [5]. Progressing changes in
RBC shapes are accompanied by impairment of the
cytoskeleton and plasma membrane, decreased intra-
cellular ATP concentration [6—8], as well as changes
in the functional characteristics of RBC: reduced
transport function and increased membrane
deformability [9].

The RBC membrane is particularly sensitive to
the oxidative stress. Information on how the oxida-
tive stress and mechanisms of its effect on RBC are
triggered will answer a questions about the causes of
anemia of premature newborns and the mechanism of
RBC damage in hypoxia. The latest concepts on the
mechanism of oxidative damage of RBC and evi-
dence of links between RBC, oxidative stress and
hypoxia suggest that the RBC damage in newborns
is induced by severe hypoxia and acidosis in the peri-
natal period [10].

Tests for the nucleated RBC (NRBC) count in
the residual umbilical cord blood (RUCB) are sug-
gested to confirm perinatal asphyxia. The combina-
tion of NRBC and hypoxic-ischemic encephalopathy
has a high predictive potential for determining the
prognosis of asphyxia in newborns, i.e. the NRBC
imbalance is a prognostic biomarker of neonatal
asphyxia [11].

The adverse course of pregnancy complicated
with intrauterine fetal hypoxia affect the morpholog-
ical structure of RBC, causes functional changes in
membrane nanostructures, which manifest them-
selves in premature newborns as severe poikilocyto-
sis, pronounced flickering of RBC membranes and
changes in the spectrin matrix. These changes con-
firmed the effect of the hypoxia degree on the nanos-
tructure of RBC membranes. The course of the early
neonatal period is characterized by postnatal
rearrangement of the blood circulation, active
process on RBC membranes, and persistence of poik-
ilocytosis. Macrocytosis and planocytosis reflect the
compensatory state of erythropoiesis and represent
the physiological state of RBC for premature new-
borns [12]. In the case of intrauterine hypoxia, the
permeability of newborns' red blood cell membranes
is increased. Studies of the diffusion of water mole-
cules in RBC demonstrated that the time of proton
exchange of «membrane» water with intra-and
extracellular water increased in newborns with a his-
tory of intrauterine hypoxia [13].

The greatest changes in the red blood cell mem-
brane structure were found in residual umbilical cord
blood (RUCB) of premature newborns with respira-
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Kpurnyeckme cocTOSAHMSA HOBOPOIKAECHHBIX

TOB /ISl HeoHouennblx geteii [12]. Ilpu BuyTpuyt-
POOHOI THTIOKCUH TIOBBITIIEHA TIPOHUIIAEMOCTH MEMO-
paH IPUTPOIUTOB HOBOPOXKAEHHBIX. [Ipn uzydenun
b dy3nr MoJIeKyJT BOJBI B 9PUTPONINTAX, YCTAHOB-
JIEHO, YTO BPeMsT OOMEHa TIPOTOHOB «MeMOPaHHOT»
BOJIBI C BHYTPU— ¥ BHEKJIETOUHOM BOJIOI TIOBBITIIEHO
y HOBOPOJKIEHHBIX, MEPEHECITIX BHYTPHYTPOOHYIO
runokcnio [13].

Hawuboumbiimiie M3MeHeHust CTPYKTYPBI MeMOpam
HPUTPOIMTOB BLISIBJIEHBI B OCTATOYHON TTYTTOBUHHOM
kposu OIIK HemoHOIMEHHBIX HOBOPOXKAEHHBIX C pec-
nupatopubiM auctpecc-cunazapomom (PIACH). [lna
MAIMEHTOB ITOH TPYIIIbI XapaKTePEeH BHYTPUYTPOO-
HBIH TIOWKUIOTINTO3, 00YCIOBIEHHBIN BO3IENCTBIEM
HeOIATOTPUATHBIX (haKTOPOB, YTO MOATBEPIKAAETCS
HaJIMIMeM MHOKECTBEHHBIX KOPPEJSITIOHHBIX CBS-
seit. IIpu aHaIM3e HAHOCTPYKTYPbI MeMOpaH apUTPO-
IIUTOB BBIABIEHO, YTO HambOJee UYBCTBUTETHHOI
SIBJISIETCS BETMTYMHA TIEPBOTO MTOPSIIKA, CBI/IETEThCT-
BYIOTI[asi O BHYTPUYTPOOHOM HAPYIIEHUN MHUKPOCT-
pykTypbl MeMOpa# [14]. Bo Bpemst HeOGIaronpusiTHO
[POTEKAIOIIENd MHOIOILIOAHON OGEPEMEHHOCTH IIPO-
WCXOJUT aHTEHATaJbHOE MOBPEKIEHNE HAHOCTPYK-
TYpBl MeMOpPAH IPUTPOIUTOB HOBOPOXKIEHHLIX. Te-
YeHHe PpaHHero Mepuoja afalTaluu y 1eTel
XapakTepuayercss cMeHol Mopdosiormueckux hopm
SPUTPOIIUTOB, U4TO OOYCIOBIEHO AKTHBHBIMHU TIPO-
reccamMu TpaHC(hOPMAIUU TTOBEPXHOCTH MeMOPAHDI
spuTpoiuTos [15].

[lens paboThl — BBISIBIEHHE O0COOEHHOCTEN
MOPGhOJIOTHH SPUTPOIIUTOB Y HOBOPOKJIECHHBIX, IIe-
peHecIInX MepUHATATBHYI0 TUIIOKCHIO, METOIOM
ATOMHOM CUJIOBON MUKPOCKOITUM.

Marepuan u MeTObI

B rpyrimy uccseoBaHus COCTOSTHUS MEMOPaH SpUTPO-
1uToB BKIOYNTH 10 HOBOPOXK/IEHHBIX, TTEPEHECITNX TTepH-
HaTaJgbHyIo Tuokcuio (rpynma 1). Bce nHoBoposkmennbie
POIMIINCH C HU3KOM OIIEHKOII 110 TITKaJsie ATnirap, Ipu posk/ie-
HUU MM IIPOBEJIM PEAHMMAIMOHHBIE MEPOIIPUATHS: UHTY-
Galio Tpaxeu, MEPEBOJ] Ha UCKYCCTBEHHYIO BEHTUJIAIIIO
serkux (UBJI). Ilpu poxkaennut y HOBOPOKIEHHBIX BBI-
SIBUJTA METabOJIMYECKIIT JTaKTaT — alli/03 PA3IMIHO cTe-
MEHN TSIPKECTH, YTO CBUETEIHCTBOBAJIO O TIEPEHECEHHOM
nepuHATAIbHON Tunokcuu. M3 poamiabHOro 3ajsa HOBO-
POKIEHHDBIX TPYIIIbI KCCJIEIOBAHNS TIEPEBEJH B ITAJIATY pe-
aHUMaInU, T7ie feTell noakaodanu K anmnapary VMBJI, ko-
TOPYIO TIPOBOAWJIU B PEXKUMe KOHTPOJIUPYEMOI
BEHTWJIATNY. TedeHre paHHETO HEOHATATBHOTO TIepro/ia y
HOBOPOJKIEHHBIX OCTIOKHUIOCH PA3BUTHEM TTIOJTHOPTAHHOM
HE/IOCTATOUYHOCTH, B TIEPBYIO OU€PE/ib, ABIXATEJbHON HE/l0-
CTATOYHOCTHIO, HAPYIIEHUSIMU T[EHTPAILHOM TeMO/IMHAMU-
KU, B CBSI3U C YeM, TIPOBO/IUIIN KOMILJIEKCHOE MHTEHCUBHOE
JIeYeHue.

J17151 mosryYennst HOpMATbHBIX PUTPOIINTOB BHIIETUIN
IPYIIITY CpaBHEHUs U3 14 JOHONIEHHBIX HOBOPOK/IEHHBIX C
6IaroNpPUATHBIM TedeHreM GEpeMEHHOCTH 1 HOPMAaJIbHBIMU
cpounbiMu poztamu (Tpymma 2). CpepHuil recTalmoHHbII
Bo3pact jiereil cocraBun 39,4+0,5 Hejiesb, Macca Teja mpu
poskaennn — 3131,7+588,8 rpamm, orierKa 110 mikage Amnrap

tory distress syndrome (RDS). Intrauterine poikilo-
cytosis caused by adverse factors is typical for
patients of this group, as evidenced by the presence
of multiple correlations. The analysis of RBC mem-
brane nanostructure demonstrated that the first-
order value indicating the intrauterine impairment
of membrane microstructure is the most sensitive
one [14]. Antenatal impairment of newborns' RBC
membranes occur during a multiple pregnancy with
an adverse course. The course of the early adaptation
period in infants is characterized by the change of
morphological forms of RBC, which is caused by an
active process on the RBCmembrane [15].

The aim of this study is to assess the morpholo-
gy of RBC in newborns with perinatal hypoxia using
the atomic-force microscopy.

Materials and Methods

The state of RBC membranes of 10 newborns with
perinatal hypoxia was studied (group 1). All infants were
born with low Apgar scoring; the following resuscitative
measures were carried out at birth: tracheal intubation,
mechanical ventilation (MV). At birth, different degrees of
metabolic lactate-acidosis were diagnosed at birth thus
confirming the perinatal hypoxia. The study group new-
borns were transferred from the delivery room to the ICU,
where MV in the controlled ventilation mode was started.
The course of the early neonatal period was complicated
with the multiple organ failure, first of all, with respirato-
ry compromise and central hemodynamic disorders, there-
fore, a complex intensive therapy was performed.

To obtain images of normal red blood cells in the field
of the atomic force microscope (AFM), 14 full-term new-
borns delivered after a favorable course of pregnancy and
normal term labor were enrolled in a reference group
(group 2). The median gestational age of infants was
39.4+0.5 weeks, the birthweight was 3131.7+588.8 g,
Apgar score at 1 minute of life was 8+0.4. The main clini-
cal characteristics of the newborns are presented in table 1.
No significant difference in the birthweight and gestation-
al age was found. The Apgar scoring of the study newborns
was significantly lower than that of healthy infants
(P<0.01). Lethal outcomes were registered in the study
group alone.

All newborns received professional care in accordance
with the procedure for rendering medical care in neonatol-
ogy [16].

The following methods were used in the study:

Clinical assessment of the infant's birth status, includ-
ing Apgar scoring (AS) at the 15t minute after the birth.

Catheterization of v. umbilicalis using a thermoplastic
catheter was performed for the infusion therapy and lab tests.

Newborns' red blood cells were studied using the
atomic force microscope (AFM). There were the following
study objects: residual umbilical cord blood (RUCB) of
premature newborns, central venous blood sampled 12
hours after birth and venous blood of newborns sampled on
Day 7 after birth. RUCB was sampled immediately after
cutting the umbilical cord. The blood is sampled to special
0.25 ml test tubes with the EDTA preservative added; the
blood was mixed with the preservative; it was left for 30
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OcHoBHbIE KINHUYECKHE XapaKTePUCTHKU HOBOPOsKEHHBIX (M+0).

Main clinical characteristics of newborn infants (M+0).

Parameters Values of parameters in groups

1 (n=10) 2 (n=14)
Gestational age, weeks 36.3£3.1 39.4£0.5
Body weight, g 290716875 3131.7:5888
Apgar score at the 15t minute 4(2;7)* 8(8;9)
The number of children on MV 10 (100%) -

Note. * — P<0.01 — significance of differences between groups.

IIpumeuanue. Parameters — nokasaresnu; Values of parameters in groups — sHauenus nokasareseil B rpymmnax; Gestational age, weeks
— CpoK TecTaiu, Hexelb; Body weight, g — macca teana, rp; Apgar score at the 15t minute — mkana Anrap wa 1-it mun., 6asr; The num-
ber of children on MV — kosmuectso aereii na IBJL * — p<0.01 — 10CTOBEPHOCTD PA3INYMil MEXK/LY TPYIIIAMHU.

Ha 1-it MuryTe xusnu -8,£0,4 6amma. OcHOBHbBIE KIMHITYEC-
KH€e XapaKTEePUCTUKN HOBOPOXKIECHHBIX ITIPEJACTABJIECHBI B
1abJ1. 1. J[oCTOBEPHBIX OTJIMUMIA 110 Macce Tesa P POK/Ie-
HUW, TECTAIIMOHHOMY BO3PAcTy He BBISBUJIHN. Y HCCIeye-
MBIX HOBOPOJKIEHHBIX OI[EHKA MO IKaje ATrap 0CTOBEPHO
HUIKe, TI0 CPaBHEHUIO co 3710poBbiMu fneThbMu (p<<0,01).
Tosbko B rpyiitie uccie0BaHust ObLIM JIETAIbHbIE UCXOJIBL.

BceM HOBOPOJK/IEHHBIM OKasaii KBaTH(DHUINPOBaH-
HYIO TOMOTI[b B COOTBETCTBHH C TIOPSI/IKOM OKa3aHUS Me/[U-
IIUHCKOI OMOIIH 10 TPOGUITIO «HeoHaToorus» [16].

KimHuueckast olleHKa cOCTOsIHUSL pebeHKa [IPU POIK-
neHuu BKJodana orenky 1o mkase Amrap (OA) ma 1-it
MUHYTE [10CJI€ POXKIEHUSI.

Jlist ipoBesiennst MHMY3MOHHON Tepanmuu u Jabopa-
TOPHBIX HMCCJIE/IOBAHMII BBITIOJHSAIN KAaTETEPU3AINIO V.
Umbilicalis TepmoriacTudHbiM KaTeTepoM.

W ccnenoBariie spuTPOIUTOB HOBOPOSKIEHHBIX TIPOBO-
i B osie ACM. O6beKTOM HCCIIeI0BaHNST SIBUJINCH: OC-
taToyHas mynosuHHas kpoBb (OIIK) HemoHOIIEHHBIX HO-
BOPOJK/IEHHBIX, II€HTPaJbHass BEHO3HAs KPOBb uepe3 12
YacoB TOCJIE€ POKIEHUS U BEHO3HAsk KPOBb HOBOPOJK/IECH-
HbIX 7-X cyTok skusnu. OIIK sabupanu cpasy mocie nepe-
CeveHUsI IIYOBUHBL. 3a60p OCYIIECTBIISLIN B CLIEIUAIbHBIE
npobupku o6bemom 0,25 Mit ¢ 1ob6aBIeHneM KOHCEpBaHTa
I/ITA, XxpoBb TIepeMennBaIN ¢ KOHCEPBAHTOM, OTCTAlBa-
s B Teuerrie 30 MIUHYT, 3aT€M TOTOBUJIM MOHOCJION 9PUT-
pPOIMTOB A1 AanbHeimmeir obpaborkn B moae ACM: 20
MKJI KDOBU HAHOCHJIA HA MTPEAMETHOE CTEKJIO U TIPUTOTAB-
JIUBAJIU MOHOCJIOH 9PUTPOITUTOB € TIOMOIIBIO TIeHTPUGYTH
Diff Spin 2 (CIIIA).

V3o6paskeHre apuUTPOIUTOR TIOXYyYaTd € MOMOIIBIO
ATOMHOTO CUJIOBOTO MUKPOCKOTIA

«NTEGRA primas (Poccusi) B IOJyKOHTaKTHOM pe-
KuMe. B kadecTBe 30HIOB MCMOJB30BATM KAHTUJIEBEPHI
NSGO01-A. Yucio Touek ckanuposanust 512 u 1024, mosst
ckaanpoBanus 100x100 mxm, 20x20 mxm. CraTuctuyec-
Kyl0 06pabOTKYy [MaHHBIX MPOBOMJIM C MOMOIIBIO CTaH-
nmaptHoit mporpamMmbl Origin 6.1, KoTopast BXOIUT B COCTaB
Microsoft Office (USA), creruaibHo npegHasHaueHHON
JUIst 0O6PabOTKY PE3YJIBTaTOB HAYYHBIX UCC/ICA0BAHUN. DTa
IpOrpaMMa MO3BOJISIET TOCTPOUTH THCTOTPAMMBI, OTIpesie-
JIUTD Cpejiliee 3HAUEHIIE, BEJTMYIHY CPeTHEKBAZPATHYECKO-
IO OTKJIOHEHUSI U TIOJIyYUTh MHTEPBAIBHYIO OIEHKY, OllEH-
Ky /IOCTOBEPHOCTH TOJYYEHHBIX Pe3yJBTaTOB, OIEHKY
JIOCTOBEPHOCTH pasyandnii. [0cTOBEPHOCTH pa3anuuii ore-
HUBAJIM C TIOMOIIBIO OJHO(GAKTOPHOTO AMCIHEPCUOHHOTO
aHasm3a (One-way ANOVA).

[Tosryyennbie pe3ybrarbl 00pabOTaHbl METOAAMU JIEC-
KPUIITUBHOI M HETTApAMEeTPIUYECKOIT CTATUCTUKY C FCIIOJTb-

min, and then an RBC monolayer was prepared for further
processing in the AFM field: 20 ul of blood was placed onto
a slide, and an RBC monolayer was prepared using a Diff
Spin 2 centrifuge (USA).

An image of red blood cells was obtained using an
NTEGRA Prima atomic force microscope (Russia) in a
tapping mode. NSGO1-A cantilevers were used as probes.
The number of scanning points was 512 and 1024, the
scanning fields were 100100 pm, 20x20 um. Data were
statistically processed using a standard Origin 6.1 soft-
ware, which is a part of the Microsoft Office software
(USA) specially designed for processing of scientific
research results. This software allows to make histograms,
determine the mean and the standard deviation, and
obtain an interval estimate, assess the significance of find-
ings and the significance of differences. The significance of
differences was assessed using single-factor analysis of
variance (one-way ANOVA).

The obtained results were processed by methods of
descriptive and non-parametric statistics using the
Statistica 6.0 software package. The differences were con-
sidered significant when the level of statistical significance
was P< 0.01.

Results and Discussion

Our previous studies have shown that 85% of
flat RBC (planocytes) and 15% of transformed RBC
circulate in the RUCB of newborn infants. This
study demonstrated that the newborns had red blood
cells whose characteristic did not comply with the
accepted classification, i.e. there are intermediate
forms of red blood cells associated with the peculiar-
ities of intrauterine poikilocytosis. Since a high RBC
count (intrauterine physiological erythrocytosis)
and a high hemoglobin level (including fetal hemo-
globin) are typical for newborns, planocytes in full-
term newborns are a transient form. No dependence
of the clinical state of newborns on the shape of red
blood cells was found in this group of infants [ 14, 15].

The morphological forms of red blood cells in
the RUCB of newborns with a severe PH are pre-
sented in Fig. 1. Discocytes and planocytes com-
prised 36% of the total RBC count, i.e. intrauterine
poikilocytosis, reduced number of normal forms of
RBC, was found, thus demonstrating an adverse
effect of intrauterine hypoxia on the membrane of
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30BaHMeM Tnakera mporpamm «Statistica 6.0». Otamuns
CUUTAJIN IOCTOBEPHBIMU [IPU YPOBHE CTATUCTUYECKOIT 3HA-
ynmoctu p<0,01.

PesybraThl 1 00CyKIEHHE

B wHammx mpempiIynmx Ccae0oBaHusIX ToKa-
3aH0, uTo B OIIK moHOIIEHHBIX HOBOPOKIAECHHBIX
MUPKYJUPYIOT 85% HPUTPOIUTOB MJIOCKOH (HOPMBI
(manornmtel) u 15% TpanchoOpMUPOBAHHBIX IPUT-
poruToB. [IpoBeeHHOE MccIeoBanne BBISBUIIO Ha-
JIMYe Y HOBOPOKIEHHBIX 9PUTPOIUTOB, KOTOPbIE O
CBOUM XapaKTEPUCTUKAM He BXOIAT B OOIIENPUHS-
TYI0 KJTacCU(PUKAIUIO, T.€. ONIPENESTIOTCS TTPOMEKY-
TOYHBIE (POPMBI HPUTPOLIUTOB, CBA3AHHBIE C OCOOEH-
HOCTSIMM ~ BHYTPUYTPOOHOrO  HMOUKHJIOIUTO3A.
YuuThiBas, 4TO JJII HOBOPOKICHHBIX XapaKTEPHO
MTOBBIIIIEHHOE KOJIMUECTBO IPUTPOITUTOB (BHYTPUYT-
POGHBII (DUBUOJIOTHYECKIIT SPUTPOIIUTO3) U YPO-
BEHb reMOorJI00MHa, BKII0YAONIUA (heTanibHbIA TeMOo-
rJI00MH, BO3MOKHO, ILJIAHOIUTHI Y MOHOIIEHHBIX
HOBOPO’KIEHHBIX SIBJISIOTCS TPAH3UTOPHON (hOPMOTI.
B aroit rpymnme nerell He BBISBIEHO 3aBUCUMOCTH
KJIMHIYECKOTO COCTOSTHUSI HOBOPOK/IEHHBIX OT (hop-
MbI 9puTponuTos |14, 15].

Mopdoaornueckunii coctaB IpUTPOIUTOB B
OIIK noBoposzaennblx, nepenectux Tsskenayio IIT
npencTaBieH Ha puc. 1. /IMCKONNUTHI U TJIAHOIIUTHI
cocTaBsgioT 36% OT 06I1Iero KoJIn4ecTBa SpUTPOIH-
TOB, T.e. OTMEYAETCS BHYTPUYTPOOHBIN MOMKUJIOIH-
TO3, CHIKEHHOE COflepKaHue HOPMATbHBIX (HOpM
SPUTPOIIUTOB, YTO CBUIETEJIBCTBYET O HEOIArompu-
SITHOM BO3JIE€HCTBUU BHYTPUYTPOOHOI THIIOKCHI Ha
MeMOpaHy apuTporuToB. CTOMATOIUTO3 U 9XUHOIH-
T03 XapakTepHbl 111 80% HOBOPOKIEHHBIX, POIIB-
MUXCSI ¢ HU3KOM OIleHKo 1Mo mkaje Anrap. Tak kak
MIPU POKIEHUN HOBOPOKIECHHBIE elle He TOJyJasn
HUKAKOTO JIEYEHW S, BBISBJICHHBIN TONKIIOITUTO3 SIB-
sisiies cnenctsueM 1T, koTopast okasbIBasia HeraTHB-
HOE BJIMSTHHE Ha MeMOpaHy SpUTPOIIUTOB, BhIPAKEH-
HOCTb TIpollecca 3aBuUcCeJa OT JJUTEJbHOCTH
TUTIOKCUH.

UYepes 12 vacos nocse poxaerns, Ha hoHe MTPo-
Boaumoro Jedennst n IBJI, kieTognbIil cocTaB apu-
TPOIUTOB W3MEHSJICS, YBEJUYMBAJICS TJIAHOIIUTO3,
CHUKAJICSI CTOMATOIIUTO3, T.€. TIOJT BO3/IEHCTBUEM Jie-
YeHUs U CTaOUIM3aINU KUCTIOPOIHOTO CTaTyCa, MOp-
(hosornuecknii coctaB IPUTPOIUTOB CTPEMUJICS K
HopMasn3auu (puc. 2).

K xon1y pannero HeoHataspHOTO Teproza (7-e
CYTKU KU3HW ) KOJTMYECTBO MJIAHOIIMTOB OCTABAJIOCH
CTaOMIIbHBIM, [TPOMCXOIUIIO AajIbHEIiIee yMeHbIIe-
HUE DXUHOIMTOB, HO ¥ OOJIBITIMHCTBA HOBOPOIK/AEH-
HBIX COXPAHSJICS CTOMATOIUTO3, T.€. He TPOUCXOIH-
JIO crabuiausanuy MeMOpaH ¥ HOpMau3alluu
MOPGOJOTUIECKOTO COCTaBa IPUTPOIUTOB (puc. 2).
CToMaTOIUTO3 COXPAHSJICS Y JOHOIIEHHBIX HOBO-
posknennbix, neperecimux [T, ocmoxkaMBITYIOCS He-
OHATAJIBHON acrupalueii MEKOHUEM, COXPAHSIONIN-

M Planocytes
M Other cell
i Echynocytes

M Discocytes
M Stomatocytes

Puc. 1. Mopdoioruuyeckune ¢hopMbl 3pUTPOIMTOB B OCTATOYHON
MYIOBHHON KPOBH HOBOPO3K/I€HHBIX, IEPEHECIINX THIIOKCHIO.
Fig. 1. Morphological forms of red blood cells in the residual
umbilical cord blood of newborns with hypoxia.

Ipumevanne. [nsa puc. 1, 2: Discocytes — AMCKOINTEI;
Stomatocytes — cromarounts; Echynocytes — axunonursy;
Planocytes — noanormtsr; Other cell types — apyrue KiaeTku.

RBC. Stomatocytosis and echynocytosis are typical
for 80% of infants born with a low Apgar score. Since
the newborns have not received any treatment yet,
the detected poikilocytosis is a consequence of PH,
which negatively affects the RBC membrane, and
the severity of the process depends on the duration
of hypoxia.

The cell composition of red blood cells changes
12 hours after birth due to the ongoing treatment
and MYV, planocytosis increases, stomatocytosis
decreases, i.e. under the effect of the treatment and
stabilization of the oxygen status, the morphological
composition of red blood cells tends to normalization
(Fig. 2).

By the end of the early neonatal period (Day 7
of life), the number of planocytes remained stable;
further reduction in the echynocyte count takes
place, but stomatocytosis persisted in most new-
borns, i.e. there was no membrane stabilization and
normalization of red blood cell morphology (Fig. 2).
Stomatocytosis persists in full-term newborns with
PH complicated with neonatal meconium aspiration;
the persistent changes in the red blood cell morphol-
ogy demonstrate the severity of hypoxia (Fig. 3).

A study of heights and spatial periods of red
blood cell membrane surfaces allow to obtain an indi-
vidual quantitative estimation of the parameter for
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Puc. 2. KiertouHslii cOCTaB 3PUTPOIUTOB Y HOBOPOIKIAEHHBIX,
NepPeHeCUNX THIOKCHIO.

Fig. 2. Cellular composition of red blood cells in newborns with
hypoxia.

Note. For Fig. 2, 4: RUCB — the residual umbilical cord blood.
IIpumevanue. Cell fraction — kirerounas dppaxims. J{as puc. 2, 4:
RUCB — ocrarounas nynosuttas kposb; 12 hours after birth —
12 gacos mocste poskenust; days — CyTOK.

ecst UBMeHeHUsI MOP(OJOTUH HPUTPOITUTOB CBUJIE-
TEJTHCTBOBAJIA O TSKECTU TEPEHECEHHOUW TUTTOKCUN
(puc. 3).

N3ydenne BBICOT W MTPOCTPAHCTBEHHBIX TIEPH-
0JIOB TIOBEPXHOCTH MeMOPAHbI PUTPOIUTOB MTO3BO-
JISIET TOJYYUTh WHIUBUAYATHHYIO KOJHWYECTBEH-
HYI0O  OIleHKy  [apaMmeTrpa Ui  KaKJIoro
nosopoxzaennoro, nepenecutero IIT [17, 18]. IIpu
aHa/M3e HaHOCTPYKTYPBI MeMOpPaHbl 3PUTPOIUTOB
37I0POBBIX HOBOPOXKIEHHBIX MOJTYYEHbI WHIUBHULY-
AJIbHbIE KOJIMYECTBEHHbIE XapaKTEPUCTUKH BBICOT U
EePUOIOB TOPsAKOB. Boicorta 1-ro mopsiaka (h,) co-
crasisiaa 1,2+0,3 um., 2-ro nopsigka (hy) — 0,8+0,3
HM, 3-To nopsizika (hy) — 0,2+0,04 HM, 4TO TIPUHATO
B UCCJIEJIOBAHUY 32 UCXOAHbIE BeanduHbl |14, 15].

AHaJin3 HAHOCTPYKTYPbI MeMOpaH 3PUTPOIH-
TOB TOKa3ay (puc. 4), 4To MPU POKIAEHUN y HOBO-
poieHHbIX ¢ TIT HauGoJMbITMM H3MEHEHMSIM Oblia
nozBepskeHa Bbicota nepsoro nopsiaka (h,), orpaka-
I011[er0 MeMOpaHHbII (QJIMKKEPUHL. Y3Ke [IPU POKIe-
HUU ee BEJWYMHA JOCTOBEPHO TIPEBBINIANA aHAJIO-
TMYHBI TIOKAa3aTelb Y 370POBBIX HOBOPOKICHHBIX
(p<0,01). Bsicora Broporo mopsinka (h,) y nereii ¢
[T mocToBEpPHO MPEBBINIAJA HTOT TTOKA3ATENb Y 3]10-
POBBIX HOBOPOXKIECHHBIX B 2 1 Oosee pasa (p<0,01),
T.€. CIIEKTPUHHBIN MAaTPUKC TaKyKe U3MEHSJICS TIOJ
BansiHueM runokcun. Y 50% meteil u3MeHeHusI clie-
KTPUHHOTO MaTPUKCA COUETANIUCH C SIBJICHUEM (hJIK-
KepuHra MeMOpaHbl 9pUTPOLUTOB. BesnunHa TpeTh-
ero mopsiaka (hy) ObLIa HOCTOBEPHO BHINIE Y
HOBOPOXIeHHBIX, TepeHectnx 1T mo cpaBHeHMIO CO
3710poBbIMI  HOBOpOskAeHHbIMU (p<0,01), T.e. mpn
POKIECHIH CTPYKTYPHOE COCTOSTHUE GEIKOB OBIIO HE
crabumpabiM (p>0,05). TlepuHaTaTbHas TUTOKCHS
BBI3bIBAJIA AaHTEHATAJIBHOE TTOJIHOE TTOBPEXKIEHNE Ha-
HOCTPYKTYPbI MEMOPAH apUTPOIIUTOB.

Puc. 3. JIakpHOUHUT CO CTOMATOLMTAMH Y HOBOPO3K/[€HHOTO, Tie-
peHecuiero runokcuio. Mzo6paskenue B nore ACM, ¢popmar 3 D
noJje 100X100 Mxm.

Fig. 3. Dacryocyte with stomatocytes in a newborn with
hypoxia. An image in the field of AFM, 3 D format, field
100X100 pm.

each newborn with PH [17, 18]. The analysis of the
RBC membrane nanostructure in healthy infants
permitted to obtain individual quantitative charac-
teristics of heights and order periods. The 1-order
height (h,) was 1.2+0.3 nm, the 2-order height (h,)
was 0.8+0.3 nm, the 3-order height (h,) was 0.2+0.04
nm, and these values were taken as a baseline value in
the study [14, 15].

The analysis of the red blood cell nanostructure
has shown (Fig. 4) that most changes occur in the
first-order height (h,) at birth of newborns with PH,
reflecting the membrane flickering: even at birth, its
value significantly exceeded the same parameter of
healthy infants (P<0.01). The second-order height
(hy) in infants with PH was significantly higher
(P<0.01) than that of healthy newborns by more than
twofold, i.e. the spectrin matrix had also changed
under the effect of hypoxia. In 50% of children,
changes of the spectrin matrix were combined with
flickering of RBC membranes. The third-order value
(h3) was significantly higher in newborns with PH
than that in healthy newborns (P<0,01), ie. the
structural state of proteins at birth was instable
(P>0.05). Perinatal hypoxia causes an antenatal com-
plete damage of the RBC membrane nanostructure.

The course of the early neonatal period was
characterized by instability of RBC membranes,
which became apparent in the form of persistent
changes in the heights (membrane flickering); the
spectrin matrix and the structural state of proteins
were not stabilized.

Perinatal hypoxia triggers the identified
changes in morphology and nanostructure of RBC
membranes. Changes in the RBC morphology differ
in newborn infants. For example, in infants with
RDS, an unfavorable course of pregnancy complicat-
ed with intrauterine hypoxia affects the morphologi-
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Teuenne paHHEro HEOHATATBHOTO TIEPHO/A Xa-
PaKTEPU30BATIOCH HECTAOMIBHOCTHIO MEMOPAH 9PUT-
POITUTOB, KOTOPOE TPOSIBIISIINCH COXPAHSIOITIIMUCS
HU3MEHEHUSIME BBICOT: MEMOPAHHBIM (DJIMKKEPUHTOM,
HECTaOUJIbHOCTBIO CHEKTPUHHOIO MaTpUKca U
CTPYKTYPHOTO COCTOSTHUST OETKOB.

ITyckOBBIM MOMEHTOM BBISIBJIEHHBIX H3MEHE-
HUIT MOPGOJIOTHI U HAHOCTPYKTYPBI MeMOpaH apuT-
POITUTOB SIBJISJIACh TlepUHATaIbHAs TUHOKcHs. V13-
MEHEHWUS MOPGhOJIOTUH SPUTPOIUTOB y
HOBOPOXKIEHHBIX JleTell OTIMJainch. Tak, y metel ¢
PIICH wneGiaronpusiTHoe TedeHue OepeMeHHOCTH,
OCTTOKHEHHOE BHYTPUYTPOOHOT TUTIOKCHEH, BIUAIO
Ha MOP(hOTIOTUIECKYIO CTPYKTYPY SPUTPOIUTOB, BbI-
3bIBAJIO (DYHKIIMOHAThHBIE M3MEHEHUSI HAHOCTPYK-
TYPbI MeMOPaH. DTO TPOSIBJISIIOCH Y HEIOHOIIEHHBIX
HOBOPO’K/IEHHBIX BBIPAKEHHBIM TTOWKUJIOIUTO30M,
HarOOJIBIIINM M3MEHEHUSIM ObLIa MOABEPIKEHA BEJIH-
girna h,. Teuenne PICH xapakTepusoBajoch BBICO-
KOH WHTEHCHBHOCTBIO 3TOTO TIpoIlecca y KasKZAOTO
TPeThero pederka BITOTH 10 7-X cyToK xusuu. Cre-
KTPUHHBII MaTPUKC MeMOpPaH 3PUTPOIUTOB OBLIT 13-
MEHEH BHYTPUYTPOOHO, HO B JaJbHEIIIIEM BeIUITHA
h, mocrenenno cunsnrach. CTPyKTYpHOE COCTOSTHIIE
6enkoB (h;) y HEIOHOIIEHHBIX HOBOPOXKIECHHBIX C
PZICH 6110 ctabuabubim [ 14].

Y HeIOHOIIEHHBIX HOBOPOKAEHHBIX TPU He-
GIArOMPUSATHO MPOTEKAIOIEN MHOTOTLTOAHON Oepe-
MEHHOCTH TaK’Ke ITPONCXOUJIO aHTeHAaTaJbHOE TI0-
BPEKIEHIE HAHOCTPYKTYPhI MeMOpaH SPUTPOIIUTOB.
Teuenre paHHETO TTePHO/A AJATITAI[IH XapaKTepH30-
BasIoCh cMeHo1 Mopdosorndeckux GopM 3pUTPOITH-
TOB: TVIAHOITUTO3 CMEHSIJICS CTOMATOIINTO30M, a TaK-
JKe OTpefessiIuch Apyrre (GOpMBI, IOSBICHIE
KOTOPBIX OOYCJIOBIEHO TMpoIeccaMu TpaHchopma-
[[UK [TOBEPXHOCTH MeMOPaHbl apUTPOIUTOB. MeMO-
paHHbII (hIMKKePUHT Gl HanboJiee BHIPasKEH y BTO-
poro pebeHka W3 MABOWHE, He 3aBUCHMO OT
XOPHATBHOCTH TIAIEHTHI, BTOPOTO M TPETHETO pe-
OeHKa M3 TPOWHH, TPUUYEM BEJUUYMHA TOKA3aTeJIst
YBeIMIMBAJIach OT MEPBOTO K TpeTheMy. Kosmmans
GITI3HETIOB COTIPOBOKAATACH MEMOPAHHBIM (hTHKKe-
PHHTOM BBICOKOW MHTEHCUBHOCTH Y 000MX JeTeil u
BBICOKHUM CTOMATOIUTO30M [15].

Vike BHYTPUYTPOOHO MPOUCXOAUIO HApyIIle-
HUe HaHOCTPYKTYPbI MeMOPaH Ha BCeX YPOBHsIX. Bbi-
SIBJICHHBIE UBMEHEHUS CBUIETEIbCTBYIOT O BIUSHUN
CTEIeHU TMIOKCHHU Ha BCe HAHOCTPYKTYPBI MeMOpa-
HBI apuTporuTa: HochONUIIIHbI GUCIoN, GeIKo-
BbIe KOMIIOHEHTHI MeMOpaHbl, CIIEKTPUHOBBIH MaT-
pukc. V3MeHeHHE BBICOT MOBEPXHOCTH MeMOpPaHbBI
apuTpoIuToB h; u h,, cBsIBaHHOE ¢ rUIIOKCHENd, TT0-
BUIMMOMY, HAIPaBJIEHO HA yBeJTMYEHUE TOBEPXHOC-
TH MeMOPAHBI APUTPOIINTA, CTOCOOCTBYIONIEE YBET-
YEHWIO TUIONaa ra3oo0Mena. J[aHHbie M3MeHeH s,
MO-BUANMOMY, SIBJISTIOTCST TPUCTIOCOOUTENHHOM peak-
1I1eif, HalpaBJIeHHO Ha coxpaHeHne (hyHKITMOHAb-
HOH CIOCOGHOCTH IPUTPOIIATA IPU THMOKCHH. [rrmo-

67
]I. Dhg .ll; -

5

4

3

«Controls 12 hours 7 days
after birth after birth

Height, nm

Puc. 4. Tucrorpammsi Boicor hy, h,y, hy noBepxuocrun memGpausI
IPUTPOLUTOB B Pa3IHYHBIE IEPHO/bI HCCIIE[OBAHMS.

Fig. 4 Histograms of heights hy, h,, h; of red blood cell mem-
branes during various periods of the study.

Note. *, # ** — P<0.01 vs. «Control» — RUCB group 2.
ITpumeuanue. «Control» — ocraTouHast IyMOBHHHAST KPOBb IPYII-
nbt 2. Height, nm — BbicoTa, HM. *, #, ** — p<0,01, 10cTOBEPHOCTD
OTJINYHIA, 110 CPABHEHUIO ¢ KOHTPOJIEM (OCTATOYHASI ITYIIOBUHHAST
KPOBB I'PYTIIIHL 2).

cal structure of RBC, causes functional changes in the
membrane nanostructure which manifest themselves
as severe poikilocytosis in premature newborns. The
h, value underwent the greatest changes; the course
of RDS was characterized by a high intensity of this
process in every third child up to Day 7 of life. The
spectrin matrix of RBC membranes changed in utero,
but then the h, value decreased gradually. The struc-
tural state of proteins (h;) in premature newborns
with RDS was stable [14]. Antenatal impairment of
RBC membrane nanostructure occurs in premature
newborns during a multiple pregnancy with an
adverse course. The course of the early adaptation
period is characterized by changes of RBC morpho-
logical forms: planocytosis is replaced by stomatocy-
tosis and other forms resulting from an active process
on the RBC membrane. The membrane flickering is
most pronounced in the second twin irrespective of
the placental chorionicity and in the second and third
triplets; at that, the value is increased from the first to
the third one. Twins collision is accompanied by a
high intensity membrane flickering in both children
and high stomatocytosis [15].

Impairment of membrane nanostructure at all
levels occur already in utero. These changes con-
firmed the effect of the hypoxia degree on all nanos-
tructures of RBC membranes: phospholipid bilayer,
protein elements of the membrane, spectrim matrix.
Changes in heights and spatial periods of the RBC
membrane surfaces h; and h, associated with hypox-
ia apparently are aimed at a compensatory increase
in the RBC membrane surface contributing to the
increase of the gas exchange area. These changes may
represent an adaptive response to hypoxia aimed to
preserve the functional ability of a RBC. Hypoxia
negatively affects the membrane of RBC, and the
severity of the process depends on the severity and
duration of hypoxemia. The course of and early adap-
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KCHsT OKa3bIBasla HETaTUBHOE BJIMsSIHUE HA MeMOpaHy
PUTPONUTOB. BeIpakeHHOCTH TIPOTIecca 3aBUCEIA OT
TSOKECTH W JIJIUTEJIBHOCTU THIOKceMuu. Tedenue
paHHETO Teproja afanTanui (TTOCTTUTIOKCUYECKU
MepUoI) XapaKTepU30BaJoCh HeCTAOUIbHOCTHIO
BCEX WCCJEJOBAaHHBIX 3JIEMEHTOB HAHOCTPYKTYPBI
MeMOpaHbl 9PUTPOIITOB, 0OJIBINONI BapuabesbHOC-
Thio Mopdosorudecknx (opm. [locaeacTue mepu-
HATAJIbHOTO BO3JEUCTBHS THIOKCHU Ha MeMOpaHy
PUTPOIUTOB COXPAHSJIOCH B T€UEHUE OIIPe/IeTIEHHO-
TO BPeMEHU U BBIXOJUJIO 32 PAMKU PAHHETO HeOHa-
TAJHHOTO MMEPUOJIA.

HoBopoxieHHble 04eHb 4yBCTBUTETHHBI K TH-
MOKCUH U OKCUJIATUBHOMY CTPECCY, KOTOPbIE OKa3bl-
BAIOT HETATUBHOE BJIMSTHIE HA MAIIMEHTOB B KPUTHYE-
CKOM COCTOSTHUM, BBI3bIBAsl TIOBPEKIEHUE OPraHOB U
cucreMm [11]. st 6Gotee rryGOKOTO MOHMMAHUST T1aTO-
reHe3a TePUHATAIBHON TMIIOKCUU ¥ TPOTHO3UPOBA-
HUS TEYEHMsI MOCTTUIIOKCHYECKOTO Tepruojia 0coboe
BHUMAaHUE YIEJISIeTCsT U3YUYeHNUI0 MeMOpPaH apUTPOIH-
ToB [10, 12]. ¥ HOBOpOX/IEHHBIX C TOJMOPTaHHON He-
JIOCTaTOYHOCTBIO CHIKEHO KOJIMUYECTBO TUCKOIIUTOB,
YBEJIMYEHO KOJMYECTBO HPUTPOITUTOB ¢ U3MEHEHHOI
dopmoii. Y HOBOPOKIEHHBIX C MTOJIUOPTAaHHON HEO-
cratounoctbio (ITOH) HanGosee yacTo BCTpevaionu-
MUCST AaHOMAJUSIMUA (DOPMBI 9PUTPOIIUTOB SBJISTIOTCS
AXUHOIUTBI, OBAJOIUTBI, C(PEPOIUTDI, IMUCTOIUTHI.
[TosiBnenwe B nieprepruueckoii KPOBU 9PUTPOIIUTOB C
M3MEHEHHO# (hOpMOIT MOKET ObITh OOYCJIOBJIEHO Pas-
JIMYHBIMU (DAKTOPaMU, B TOM UHCJIe BO3IEHCTBIEM Ha
SPUTPOLUTAPHYIO MeMOPaHy OKCHIATHBHOIO CTpecca
[19]. 7151 HOBOPOSKJEHHBIX OT MaTepel C TSKeTbIMU
(bopmamu recTo3a, XapakTepHa TEHIEHIIUS K HU3KIM
MOKA3aTeJIsIM TEKYYEeCTH PUTPOIUTAPHBIX MeMOpPaH,
OTCYTCTBHUE aalITUBHON AMHAMUKH OMO(DU3UIECKOTO
COCTOSTHUSI MeMOpPaH B paHHEM HEOHATAIBHOM IIEPHO-
JIe, 4TO coueraercst ¢ GoJiee TSKEIBIM KIMHIYECKIM
TeuyeHneM JaHHoro nepuosa [20].

3akaoyeHue

[Tpn BoznetictBun 11" Hapymenne HAHOCTPYK-
TYpbl MeMOpaH TIPOUCXOAUT YK€ BHYTPUYTPOOHO.
YpoBeHb MOBPEKIEHUS 3aBUCUT OT TSIXKECTU W JIJIN-
TEJIHHOCTY TUTTOKCHU. BbIsSIBIIeHHbIE MI3MEHEHWS CBH-
JIETEJLCTBYIOT O BJAUSHUU CTEIIEHU TUITOKCUU Ha BCe
HAHOCTPYKTYPbl MeMOpaHbl apuTporuTa: Gochom-
NUAHBI O1CI0M, OeJKOBble KOMIIOHEHTBI MeMOpa-
HBI, CIIEKTPUHOBBIN MaTpUKC. VI3MeHeHre BHICOT U
[IPOCTPAHCTBEHHBIX MEPUOJIOB MTOBEPXHOCTENH MeMO-
paH apuTpounToB h; u hs, CBS3aHHBIX ¢ THUIIOKCHEN,
MO-BUIUMOMY, HAIIPaBJIEHO HA KOMITEHCATOPHOE yBe-
JIMYEHUE TOBEPXHOCTH MEMOPaHbI 9PUTPOIUTA, CII0-
coOCTBYIOIIEE  YBEJIMUCHUIO IO Ia3000MeHa.
JlanHble U3MEHEHUs], BEPOSITHO, SIBJISIOTCS MPUCTIO-
cOOUTENBHOI peakiiueil B OTBET Ha I'MIIOKCHIO, Ha-
TIpaBJIeHHON Ha coxXpaHeHne (HYHKIMOHATBHOU CIIO-
COOHOCTU DPUTPOLIUTA.

tation period (post-hypoxic period) is characterized
by the instability of all nanostructures of RBC mem-
branes and a greater variability of morphological
forms. Effects of perinatal hypoxia on red blood cell
membrane persist for some time and go beyond the
early neonatal period.

Newborns are very sensitive to hypoxia and
oxidative stress, which have a negative impact on
critical illness patients, causing damage of organs and
systems [11]. Special attention is paid to studies of
RBCI membranes for a better understanding of the
pathogenesis of the perinatal hypoxia and prognosis
during the course of the post-hypoxic period [10, 12].
In infants with a multiple organ failure (MOF), the
number of discocytes reduced and the number of
RBC with modified shapes increased. In infants with
MOF, the echynocytes, ovalocytes, spherocytes, and
schistocytes are the most common forms of RBC
shape abnormalities. The presence of RBC with mod-
ified shapes in the peripheral blood may be explained
by different factors, including the effect of the oxida-
tive stress on the RBC membrane [19]. A tendency to
lowing the fluidity of RBC membrane, lacking the
adaptive dynamics of the biophysical patterns of
membranes in early neonatal period is typical for
infants born from mothers who experienced severe
forms of pre-eclampsia and eclampsia; this feature is
associated with a more severe clinical course of this
form of pathology of pregnancy [20].

Conclusion

Therefore, hypoxia results in impairment of the
membrane nanostructure. The degree of the alter-
ations depends on the severity and duration of
hypoxia. These changes confirmed the effect of the
hypoxia degree on all nanostructures of RBC mem-
branes: phospholipid bilayer, protein elements of the
membrane, spectrin matrix. Changes in heights and
spatial periods of the red blood cell membrane sur-
faces h; and h; associated with hypoxia apparently is
aimed at a compensatory increase in the RBC mem-
brane surface contributing to the increase of the gas
exchange area. These changes may represent an
adaptive response to hypoxia aimed to preserve the
functional ability of an RBC.

The course of early adaptation period (post-
hypoxic period) is characterized by the instability of
all nanostructures of RBC membranes and a greater
variability of morphological forms. Effects of perina-
tal hypoxia on RBC membrane persist for some time
and go beyond the early neonatal period that should
be considered in clinics.

Teuyenne parHero nepuo/a aganTaun (IOCTTh-
MOKCHYECKHI TEPUOJT) XapaKTEPU3yeTCst HeCcTaOuIb-
HOCTBIO BCEX HAHOCTPYKTYP MeMOPaH 3PUTPOIUTOB,
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