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HAHOCTPYRTYPA MEMBPAH SPUTPOIIUTOB
HEJOHOHUIEHHBIX HOBOPOK/IEHHbBIX
C PECIIMPATOPHbBIM INCTPECC-CUHIPOMOM

C. A. ITepenemuna'’, C. B. Anekceesa’, B. A. Ceprynosa', O. E. Iyakosa'

' HUMW obmieit peanmmatosioruu um. B. A. Heroseckoro PAMH, Mocksa
> OTAOY BIIO Banruiickuii henepasnbubiii yuupepeurer uM. Mmmanyuia Kanra, Kasmnnunrpaz
*TBY3 Popusbhbiit tom Nel, Kaguuunrpan

Ilens — uccaeroBanne METOIOM AaTOMHO-CHJIOBOI MUKPOCKOITHY HAHOCTPYKTYPbI 9PUTPOIMTOB HEIOHONIEHHBIX HOBOPOSKIEHHBIX
¢ peciupatopubiM aucrpecc-cunapomom (PIICH). Mamepuan u memoost. B uccienoBanye BKII0YEHO 27 HOBOPOSK/IEHHbIX, U3
HUX — 13 HemoHomeHHBIX HOBoposkAeHHbIX ¢ P/ICH, cocraBuBmmx rpymmy uccienoBanus. CpeqHuii recraliMOHHBI BO3pacT
cocrasui 33,1+2,3 Hen., Macca tena npu poxaenna — 1800+299,3 r. Ipynmna cpaBHenuss — 14 TOHOMEHHBIX HOBOPOSK/IEHHBIX C
6JIarONpPUATHBIM TeYeHHeM 0epPEMEHHOCTH U CPOYHbIMU pozamu. Cpenuuii recraiuonHbii Bo3pact aereii cocrasun 39,4+0,5
HeJleJb, Macca Teia npy poskaennu — 3131,7+588,8 rpamm, onenka mo mkajie Anrap Ha 1-if MunyTte sxusnu — 8 +0,4 Gasa.
IIpoBoamIoCch Hecie0BaHNe SPUTPOLUTOB B MOJIE ATOMHO-CHIOBOTO MUKpOckona (ACM). OGbeKTOM HCCIEIOBAHUS SBUINCh:
ocratoyHasi nmynosuHHasi Kpob (OIIK) HeZi0HOIIEHHBIX HOBOPOK/IEHHBIX, IEHTPAJIbHAsl BEeHO3HAsl KPOBb Yepe3 7 4acoB Hocie
POK/ICHHSI U BEHO3HAs1 KPOBb HOBOPOJK/ICHHBIX 7-X CYTOK KU3HU. Pe3ynvmamoi. B ocraTouHoii MylIOBUHHOI KPOBH JIOHOIEHHBIX
HOBOPO’K/ICHHBIX IUIAHOLMTHI SIBISIIOTCS OCHOBHOW Mopdosornyeckoii ¢popmoii apurpouuros. IIpu GraronpustHoM TedeHHH
6EepeMEHHOCTH W OCTPO PA3BUBLICHCH TUNOKCHH IUI0Za MOP(DOIOTMYECKHIl COCTaB JPUTPOLUTOB HEIOHOUIEHHBIX
HoBopoxkennpix ¢ PICH mnpuGiu:kaics K NOKasaTelsiM IOHONIEHHBIX Jereif. ILIaHOUMTBI SIBJISIIOTCS OCHOBHOM
Mopdoornyeckoii GpopMoii IPUTPOLUTOB U Y HEJOHOLIEHHBIX HOBOPOSK/IEHHBIX, YAaCTOTa MX BCTPEYAEMOCTH Pa3jMyHasl.
CromMaTonuTsl XapakTepHsI /I BceX HOBOPo:K/eHHbIX rpymmbl «PIICH», yacToTa BcTpeyaeMOCTH BapbUpyeT B 3HAUNTEIbHBIX
npezenax: ot 8 10 65% or 06Ero KOIMYeCTBa IPUTPOUUTOB. B HCCIe[0BaHNN BBISIBIEHO, YTO /UIsl HEJIOHOIIEHHBIX JIETEH ¢
reCTallMoOHHbIM Bo3pacToM 31—36 Hesesnb XapakTepHbI M aHOMaJbHble (DOPMbI DPHTPOIMTOB, KOTOPbIE MMEIOT BBICOKYIO
BapuaGenbHocTh. [IpH POKIEHMH Y HEIOHONICHHBIX HOBOPOKIECHHBIX BbISIBJISIOTCS M3MEHEHUS HAHOCTPYKTYPbl MeMOpaH
9PUTPOLMTOB, HA YTO BJIMSET BHYTPUYTPOOHAsi rMNoOKcus. B HamGoblieil cTemeHn MeHsIeTCsl BeJIUYHHA IEPBOTO MOPSIKA,
orpaskaromas flickering memGpans! apurpouuros. 3axarouernue. C IOMOMBIO ATOMHO-CHJIOBOH MHKPOCKOINHU MOKAa3aHO, YTO
HanboJbINE U3MEHEHUsI CTPYKTYPbI MEMOPaH 3PUTPOLMTOB BbISABJIEHbI B OCTATOYHOI Y IOBMHHOM KPOBU. [IJIsl HEIOHONIEHHBIX
HoBOpOskAeHHbIX ¢ PIICH xapakrepeH BHYTPUYTPOOHBIA MOWKHIONKMTO3, 00YCJIOBJIEHHDbI BO3JEeHCTBHEM HEOIArONPUATHBIX
dakropos, uTo noaTBEpsKIAETCS HAMYHEM MHOKECTBEHHBIX KOPPEISIIHOHHBIX cBs3eil. IIpn aHaanse HAHOCTPYKTYPbI MEMOpaH
IPHUTPOLMTOB BBISBJIEHO, YTO HAUGOJIEE YyBCTBUTENBHON ABJISETCS BEJIMYUHA IEPBOTO MOPsKa, oTpaskatomas ssiaenue flickering
MeMOpaHbI HPUTPOLHUTOB, HOPMAIU3ALMS HTOTO MOKA3aTeIs IPOUCXONUT MeIeHHO. Kntoueevie cnosa: membpana apurponura,

HaHOCTPYKTYpa, IVIAHOIUTHI, CTOMATOIIMTDI, HEIOHOIICHHbIC HOBOPO’K/I€HHbIE, pecrmpaToprIﬁ JAUCTPECC-CHHAPOM.

[TpeameToM TPUCTAIBHOTO U3YYEHUS SBJISETCS MOP-
(bodyHKkIMOHANIBHOE COCTOSIHUE PUTPOIMTOB, KOTOPBIE
00€eCIeynBaT KUCIOPOJHO-TPAHCIIOPTHYO (DYHKIHUIO.
J17151 5TOTO UCTOJIB3YIOTCST PA3IMYHBIE COBPEMEHHBIE METO-
JIbI: CBETOBAS U TIPOCBEUNBAIOIIAS 9JIEKTPOHHASI MUKPOCKO-
s, a Takke aTOMHO-cuioBast Mukpockonus (ACM), ko-
TOpas JlaeT CTPYKTYPY
MeMOpaH 3PUTPOIMTOB MPU PA3TMYHBIX KPUTHYECKAX CO-
cTostHIX [ 1, 2].

BO3MOKXHOCTb HMCCJI€/IOBATh

W3BecTHO, YTO SPUTPOIUTEI UMEOT (HOPMY IHUCKA,
OZIHAKO ee MOTYT UMETh He TONBKO CO3PEBIINe dPUTPOIIN-
TBI, HO M PETUKYJIOMUTHI |3, 4]. BHenHsist kierounas Mmem6-
pama 9TUX KJIETOK OAMNHAKOBA, HO Ha JEKTPOHOTPAMMAax
BBISBJISACTCS BBICOKAS OTTHYECKAS TIITOTHOCTD COEPKIMO-
TO TIPOTOILITA3MBI SPUTPOIIUTOB TI0 CPABHEHHIO C PETHKYJIO-
IUTaMi. B Moc/IeTHIX 4acTo BCTPEYAIOTCS. BHYTPUKJIETOY-
HbIe OpraHesIbl. B sKcrIepuMeHTe y HOBOPOXKIECHHBIX
KPBICSIT BBISIBJICHBI U3MEHEHUS YJIBTPACTPYKTYPbI 9PUTPO-
IIUTOB IPH OCMOTHYECKHUX HATPY3KaX: OTMEUEHO Mpeodiia-

Anpec 15 KOPpPeCHOHEHIIUU:

Iepenenuia Cperana AsekcanpoBHa
E-mail: sveta_perepeliza@mail.ru

JlaHKe KJIETOK HEAUCKOWIHOW KOH(pUTrypaiuu, oGHapysKe-
HBI TIPU3HAKT HEKPOOMOTHIECKOTO TIporecca [5].

Pasimunbie (hopMbl 3PUTPOIIUTOB UMEIOT CBOM MOP-
(onornueckue OTINUNS: Y IUCKOIIMTOB BBISBJISETCS YTOJ-
IIEHUE 30HbI HAPY/KHOTO CJIOSI JIUITUAHOTO OGUCTIOS KJIETOY-
HOIT 000JIOUKH, B IJIAHOLIUTAX IIPOUCXOAUT KOJBLEBUIHOE
nepepacipe/ieJieHue rpaHyJi reMOorioOuHa, CBSIBaHHOE C 13-
MeHeHueM GesIkoB 1uTockesera. CreKTpohoTOMETpIIEcKoe
HCCTIeI0BAHNE TT0KA3ATI0, YTO ayTO(hIIyOpeCeHIINs 9PUTPO-
IIUTOB HaxouTcd B uanasone 480—490 HM, MHTEHCHUBHOCTD
CBEUYEHUsI TOPOUIAIBHON 06J1aCTH B YJIBTPaUONETOBBIX JIy-
Jax MOJKET OTIMIaThest B 1,5—3 pasa. YaprpacTpyKTypa avc-
KOI[UTOB XapaKTePU3YETCsl PABHOMEPHOU KJIETOUHON MeMO-
PaHoii, PABHOMEPHBIM BHYTPUKJICTOYHBIM PACIIPEICTIEHUEM
reMorioOuHa, OTCYTCTBUEM CKJIAJIOK. YIIBTPACTPYKTYpa CTO-
MATOIUTOB reTeporeHHast, ¢ (GoOpMUPOBAHKMEM [y OIUKATYPbI
KJIETOYHON MeMOpaHbl. BHYTPH KJIETOK BBISIBJISIIOTCS 1[€1T0-
yeuHble 0OPA30BAHMsI IIUTOCKEJETHBIX OEJKOB C HEPaBHO-
MEpPHOI1 KOHI[EHTpaIMell BOKPYT HUX IPaHyJI TeMOTJIOOUHA.
JIJ1s1 CTOMATOIMTOB XapaKTePHO GOJIbIIEE YUCIIO JIOKATbHBIX
MOBPEXK/IECHUI KIIeTOUHO MeMOpaHbl [6].

Ocoboe BHUMaHME B MCCJIEI0BAHUSX OTBOIMTCS He-
JIOHOIIEHHBIM HOBOPOXK/IeHHBIM. CumTaercs, 4to Mopdo-
JIOTUYECKasl HEe3PEeJOCTb OKa3bIBAeT BJUSIHUE HA KJIETKU
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kpoBu. OJIHAKO TTOKA3aHO, YTO CUCTEMa KPOBU HEIOHOIIIECH-
HOTO pebeHKa ¢ 9KCTPeMaIbHO HU3KOM Maccoii resia (OHMT)
B 1I€JIOM TOTOBa K BHEYTPOOHOMY (DYHKIIMOHMPOBaHUO, IH-
JIMBU/yaJIbHbIE KAYeCTBEHHbIE U KOJMYECTBEHHBbIC M3MEHe-
HUS 9PUTPOIMTOB 3aBUCST B OCHOBHOM OT ITPUYNHbI, BbI3BAB-
i€l HACTYIUIeHNE TIPEKAEBPEMEHHBIX POJIOB [7—9].

[TyrnoBuHHAST KPOBb SBJISIETCS IEHHBIM MUCTOYHUKOM
nHOOPMAIMU O MPOIECcax, TPOTEKAIONUX B OPraHu3Me
o/1a B mepuoz pojaos [10—13].

[Lesb vicceroBaHMST — BBISIBJICHUE METO/IOM ATOMHO-
CHJIOBOH MUKPOCKOINUK XapaKTepa M3MEeHEeHUil MeMOpaH
HAHOCTPYKTYPBI 9PUTPOIUTOB HEJIOHOIMIEHHBIX HOBOPOJK-
JICHHBIX C PECTTMPATOPHBIM JUCTPECC-CHHIPOMOM.

Marepuan u MeTObI

B wuccaenoBanye ObLIO BKIIOYEHO 27 HOBOPOKAEHHBIX, W3
nux — 13 segonomnennbix noBopoxkaeHusix ¢ PJICH. Autpomnome-
TpUYECKast XapaKTePUCTUKA JeTell, JaHHble O XapaKTepe OKOJIO-
IJIOAHBIX Boj, auuresnbroct MBJT npexcrasienst B Tabauie 1.
Cpennuii TecTallMOHHBIN Bo3pacT coctaBua 34,1+1,7 ne., macca
rejia npu poxkaerun — 2065,4+304,8 r. [Ipu poskeHnn cocrosiHie
zereil ObIIO TsKEeJNbIM. B TpoBeieHn MCKYCCTBEHHON BEHTHIISI-
mun gerkux (VIBJI) nykmanuch Bce HeTOHOIIEHHBIE HOBOPOXK-
JIEHHbIE, T.K. BEAYIIUM KIMHUYECKUM IPU3HAKOM Obljla TAXKeast
JBIXaTesbHas HeJ0CTaTOYHOCTh, OOYCJIOBJIEHHAsE TeYeHueM
P/ICH. BceM HOBOPOIK/IEHHBIM HA 3—5 MUHYTAaX JKU3HU OHIOTPa-
XeaJIbHO BBOJMIU cypdakranT — Kypocypd. Cpennsist 1o3a mpe-
nmapata — 153+24 mr/kr. [lpopomkurensnocts MBJI cocraBuna
68+15,6 yac.

Bo Bcex ciryyasx 6epeMeHHOCTb MpoTeKasia HeOJaronpusTHO,
¢ yrpo3oil ipepbiBanust. Bropas nmosoBuHa 6epeMeHHOCTH 0CI0XK-
HUJIACh TSDKETON (hOopMOit TecTo3a, pe3NCTEHTHOTO K MTPOBOINMON
Teparuu, 4TO IBUIIOCH IPUYUHON JIOCPOYHOTO POIopaspelieHus. Y
GOJBIIMHCTBA GEPEMEHHBIX TIPOBOIMIIN KCTPEHHOE KeCapeBo ce-
yenwue 1o Iycakosy.

WccenenoBaji apuTpOIUTHI Ty TIOBUHHON KpoBu 14 joHOIIIEH-
HBIX HOBOPOKIEHHBIX ¢ OIArONPHUATHBIM TedeHreM 6epeMeHHOCTH
u cpounbiMu pogamu. CpeHNIT recTalinoOHHBII BO3PACT JieTeil co-
crasun  39,4+0,5 wHemesnb, Macca Tela HPU  POXKIEHUU —
3131,7£588,8 rpamm, orterka 1o 1mkae Amrap Ha 1-it MuHyTe JKH3-
Hu — 8 +0,4 Gasa. 78,5% HOBOPOKAEHHBIX POJUINCH YEPE3 ecTe-
cTBeHHbIE POJIOBbIe myTH, 21,4% — TIyTeM 5KCTPEHHOT0 KecapeBa
cevenus. [Ipu poxennn y jeTeit mpru3HAKOB OCTPOI THITIOKCHN He
ObLIO, PAaHHUN TEPUOJ aJalTAlMU MPOTEKAI (BU3HOJOTHICCKH,
MBJI um He npoBoMIN.

Vcrniomb30Bain CIeayomnme MeToIbL:

1. Arommuo-cuiosas Mukpockonus (ACM). O6bekrom
UCCIeIOBAHUS SIBUJIMCh: 3PUTPOLKUTHI MYTOBUHHON KPOBU
(ITK) memoHONIEHHBIX HOBOPOXKIEHHBIX, dPUTPOIUTHI IIEHT-
pPaJIbHOW BEHO3HOU KPOBU 4epe3 7 4acoB IOCJE POXKIEHUS U

PUTPOIUTHI BEHO3HON KPOBU HOBOPOKIEHHBIX 7-X CYTOK JKH3-
nu. [TK 3abupanach cpasy mocie mnepecedenust mynoBUHbL. 3a-
6Op OCYIIECTBISIN B CIEIHUATbHbIE TIPOOUPKU 00beMom 0,25 Mt
¢ mobGasaenreM koncepsanTta JJ[TA, KpoBb MepeMenMBagn ¢
KOHCEPBAHTOM, OTCTamBadu B TedeHue 30 MUHYT, 3aT€M TOTO-
BHJIM MOHOCJIOI 9PUTPOIUTOB ISl JaJbHEHIero muccjaenoBa-
HUST B 110JIe ATOMHO-CHJIOBOTO MUKpocKorma: 20 MKJI KpOBU Ha-
HOCUJIM Ha IIPeMETHOE CTEeKJIO M TOTOBUJIM MOHOCJON
pUTPOIUTOB ¢ momolnsio mentpudyru Diff Spin 2 (CIIIA).
V306paskeHiie S5pUTPOIITOB TMOAYYATIH € TIOMOIIBIO aTOMHOTO
cunosoro mukpockona «<NTEGRA primas» (Poccust) B momy-
KOHTAKTHOM peskume. B kauecTBe 30H0B MCIIOJNB30BATIH KaH-
tuseBepbl NSGO1-A. Yucio touek ckanmpoBanHuss — 512 u
1024, mona cxannpoBanust — 100X100 mxm, 10X10 mxm. ITpo-
IEHTHOE CoJlepKanue Pa3IMIHbIX (POPM IPUTPOIUTOB OIpeie-
s na ACM nipu mozcuere 300-X KJIeTOK.

AHanm3 HaHOCTPYKTYP MeMOPaH 9PUTPOIUTOB TPOBOININ C
MOMOII[BIO TIPOCTPAHCTBEHHOTO TIpeobpasoBaniss Dypbe ¢ pasio-
JKEeHNEM HAHOTOBEPXHOCTH MEMOPaH 9PUTPOITITOB Ha TPH TTOPSI/-
ka: 1 mopsmok — cuexrpaapHoe okHO 1000—600 1M, 2 Topsiiok —
cnexTpanbHoe okHO 80—300 HM, 3 OPSIZIOK — CHEKTPaIbHOE OK-
1o 20—60 mm. Ilepsoiil mopsaok Koppeaupyer ¢ sisjaenuem flick-
ering (flickering — denomen XaoTHYeCKUX HUBKOYACTOTHBIX
KoJsieGaHuil KIeTouHol MeMOpaHbl apuTpoiura) [14] memOpaHbl 1
OTpakaeT ero MaKpPOCTPYKTYpHBIe cBoiicTBa. Bropoii u Tperunii
MOPSIZIKY CBSI3aHbI ¢ KOH(MUTypaIueil CIIeKTPIHOBOTO MATPUKCA 1
COCTOSIHUSI IPOTEMHOBBIX Y3JI0B coeantenus. [lapamerp h usme-
PSUTH Ha TUIOCKOW YacTH Pas3JMYHBIX BUAOB KIeTOK. [lompoGHast
METO/INKA AaHAJII3a HAHOCTPYKTYPHI M3JI0KEHA B PAHEe OIyOIMKO-
BanHbIx paborax [15—18].

2. Bo Bpewms niposenenust VIBJI nccsieioBasii ra3oBblii coctaB
KanmIsIpHOH KpoBH Ha anasmmsatope GemPremier 3000 (USA).

3. Crartucrtuyeckyo 06pabOTKY TaHHBIX TPOBOAIIIN C TI0-
MOTIBIO cTaHAapTHOI mporpamMmer Origin 6.1, KoTopast BXOANUT B
cocraB Microsoft Office (USA). /TocroBepHocTh pasinuuii ore-
HUBAJIH C OMOIILIO OAAHO(MAKTOPHOTO [MCIEPCUOHHOTO aHAIN3a
(One-way ANOVA). OTanyust C4uTasu 10CTOBEPHBIME ITPU YPOB-
He crarncTraeckoii sHagnmocti p<0,05. C moMo1IIbio makeTa mpi-
KJIQJIHBIX TIporpaMm «Statistica 6» IpOBO/IIICS KOPPEJISIINOHHBII
aHaIu3 ¢ pacyeToM KoadduimenTa Koppessiun () U ero 10CTo-
BEPHOCTH.

PesyabraThl 1 00CyK/IEHHE

1. MopdoJiorusi 3pUTPOIMTOB U KIMHHYECKOE CO-
CTOSIHHE HOBOPOKJAEeHHBIX. DopMa 9pUTPOIUTOB SIBJISIET-
CA BaKHBIM HH(bOpMaTI/IBHBIM ITOKa3aTeJieM, OTpaskaroI M
MeTaboIMIECKUE TPOTIECCHI, TPOTEKAIOIINE B OPTAHN3ME 1
BJIMSIIOIIUE HA COCTOSTHUE MeMOpaHbl 3pUTPOIUTOB. V3Be-
CTHO, YTO B KPOBH 3/I0POBOTO YeJIOBEKA B OCHOBHOM ITHP-
KYJUPYIOT IBOSIKOBOTHYThIE KJIETKH C POBHOIA MOBEPXHOC-
TBIO — AuCKOUUTH (puc. 1, a).

Ta6mmna 1

OO6mas xapakTeprcTiKa HOBoposKaeHHbix ¢ PZICH

Iloxasaremu 3Hauenue nokasarenei (M+0),
n=13
Tecranmonnsrii Bo3pacr, Helesb 33,1+2,3
Macca Tesa, rpaMmm 1800+299,3
Omenka 1o mikase Anrap Ha 1-if MumHyTe JKU3HH, 6aut 4,9+0,8
ITost pebenka:
MYKCKOIT 7(53,9%)
JKEHCKUI 6 (46,1%)
XapakTep OKOJIOTIJIOHBIX BOJI: CBETJIbIE 61,5%
OxkpalteHbl KPOBbIO 30,8%
C 11puMechio MEKOHUS 7,6%
Jlmrensnocts IBJI, yacos 68+15,6
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Puc. 1. ®opMbI 3pUTPOLUTOB.
@ — JIUCKOIUT; 6 — TJIAHOIUT; 8 — HXUHOIIT; 2 — CTOMATOILINT.
Ta6auua 2

Mopdosnornuyeckue popMbI IPUTPOIUTOB HETOHOLIEHHBIX HOBOPO:KAeHHbIX ¢ «<P/ICH» B OIIK

@D opMbI DPUTPOIUTOB

% copepxanusi(M+o),

n=13
JIMCKOIMTEI 28+16,5
TLnanomuTet 44+16,5
CTOMaTOIUTHI 26+12.8
ODXUHOIUTHI 20+8,3
[pyrue 19+8,3

IIpumeyanue. OIIK —ocraTouHast MynoBUHHAS KPOBb.

[Ipu nccaenoBanum BeIgBIEHO, uTO B IIK moHomeH-
HBIX HOBOPOJKIECHHBIX THUPKYJUPYIOT 85% DPUTPOIMTOB
10cKoi popmbr — rutanouutsl (puc. 1, 6) u 15% tpatc-
(hopMHUPOBAHHBIX DPUTPOIUTOB, UX HUX: 3% KIETOK TP/~
craByieHbl axuHouTaMu (puc. 1, 8), 3% — cromaToruramu
(puc. 1, 2), 9% — IpyruMu aHOMaTbHBIMHU KJIeTKaMH. BoisiB-
JIEHDBI 9PUTPOIUTEI, KOTOPBIE 10 CBOUM XapaKTEPUCTUKAM
HE BXOZST B OOIIENPUHATYIO KIacCU(PUKALHIO.

YuuTbIBast, 4TO /ST HOBOPOKIEHHBIX XapaKTEPHO T10-
BBIIIEHHOE KOJIMYECTBO 3PUTPOLUTOB (BHYTPUYTPOOHBII
(bUBHNOJIOTHYECKIH SPUTPOIIUTO3) U YPOBEHb TEMOTTIO0MHA,
BKJIIOYATOMNHN (DETaNbHbII TeMOTIOONH, BO3MOKHO, TLIAHO-
IUTHI Y IOHOTIIEHHBIX HOBOPOSKAECHHBIX SBJISIOTCS TPAH3U-
TOpHOI (hopMoii. B aT0it TpyIIIie seTeii He BBISBIECHO 3aBU-
CUMOCTH KJIUHUYECKOTO COCTOSIHUSI HOBOPOYKIEHHBIX OT
G OpMBI SPUTPOITUTOB.

Mopdomornuecknii coctaB 9pUTPOITUTOB HELOHO-
[IEHHBIX HOBOPOK/IEHHBIX TIPeCTaBeH B Tabsuie 2. B my-
MOBUHHO¥ KpoBHu y zieteii ¢ PIICH auckoiuTsl 1 nianonm-
TBI cOCTaBUIU 72% OT OOIIEro KOJMYECTBA 9PUTPOINTOB.

JlrckonuTs onpenessiin y 5 (38,5%) HOBOPOKICHHBIX, B 4
cilydasix TedeHre GepeMeHHOCTH OCI0KHUIOCh OCTPhIM Ha-
pYIIEHHEM MaTOYHO-TIJIAIIEHTAPHOTO KPOBOTOKA (OTCIIOIKA
TJIAIEHTBI ), TSKETON (POPMOI recTo3a BTOPOM TTOJIOBHHBI
6epeMEHHOCTH, YIPO30H aHTEeHATalbHOU Trubenu MmiIoaa.
JIMCKOIMTBI He ONPE/IEIsn Y IeTeli OT MHOTOILIONHOMN Oe-
PEMEHHOCTH.

[LmaronuTh! ABASIOTCS OCHOBHONW MOP(hOIOTHIECKOM
(opmoil BPUTPOITMTOB U Y HEJOHOIIEHHBIX HOBOPOK/ICH-
HBIX, 4aCTOTA X BCTPEUAEMOCTH PA3JINYHA: OT €JIMHUYHBIX
B noJie 3penus 10 90% ot 06IIero KoJau4ecTsa 3puTpPOIU-
toB. [Ipu GaaronpusiTHOM TeueHuu GepeMeHHOCTH MOPGhO-
JIOTUYECKUIT COCTAB OPUTPOIUTOB IPUOIMIKAICS K [IOKa3a-
TEJISIM JIOHOTIIEHHBIX JIeTEl.

CTOMaTOIUTBl XapaKTEePHBI JIJISI BCEX HOBOPOIK-
nennbix rpynnel PICH, ux kosmvecTBO BapbUpPOBAJO
ot 8 10 65% 0T 06IEro KOMUYECTBA IPUTPOIUTOB. s
HEJIOHOIIEHHBIX JIeTell C TecTallMOHHBIM BO3PACTOM
31—36 Heenb XapaKTepHbI aHOMaJIbHbIe (hOPMbI HPUT-
porutos (puc. 2).
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Puc. 3. /lunamuka nmokasareJeil ra30BOro cocraBa KpoBH He/I0-
HOIIIEHHBIX HOBOPOskAeHHbIX rpynnbsl PZICH.

* kR # — (p<0,05) 1OCTOBEPHOCTD OTJIMYMIA IO CPABHEHUIO C JIaH-
HBIMH B OCTATOYHON ITyTTIOBUHHON KPOBH.
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Puc. 4. Mopdoaoruyeckne ¢hopmMpl 3pUTPOLUTOB B Pa3IHYHbIE
[epPHO/bI HCCIe{OBAHUS.

JlnHaMiKa NCCIeyeMbIX MOKa3aTesel KHCAOPOIHOTO
craryca, a TAK/Ke COCTOsIHIE MeTab0/IM3Ma HOBOPOKIEHHOTO
npencrasiaena Ha puc. 3. [Ipu poxxaenun B I[1K meanana pH
cocrasuia 7,27 (7,14—7,39), uemy cOOTBETCTBOBAJIM [TOKA3a-

TeJau TazooOMeHa: Hanpsukenue kucaopopa (pO,) —
31,34£7,3 MM PT. CT., HACBII[EHUE TeMOTJIOONHA KACIOPOIOM
(SO,¢) — 52,8%22,1%. IlosydeHHble JaHHBIE CBUJIETEIIBCT-
BYIOT O TIEPEHECEHHON aHTeHAaTAIbHON ruokeny mioza. Ye-
pe3 3 yaca 1rocJie poskaeHus B pesyJibrare mposeaenus VBJI
OTMeYeHa HOPMaJIU3aIisl KUCJIOPOHOTO CTaTyCca: IOCTOBEP-
Ho yBesmuunucs pO, u SO,c¢, Bemmmanza pH kpoBu k 3 yacam
JKM3HU OCTOBEpHO yBesmmummach (p<0,05) m Haxommmaach B
nipeziesiax (hU3N0IOTHYECKUX 3HAYEH I B TeUeHME BCETO Bpe-
MEHU UCCIe0BaHusL. B TeueHne 1mepBhIX 4acoB MPOBEIECHUS
M BJI sopManm3oBaiach OKCUTEHAINST KPOBH.

[Tpu mpoBesieHNN KOPPEJSIIMOHHOTO aHAIU3a Y HO-
BOpOskAeHHBbIX Tpytnbl P/ICH BbIsiBJICHBI KOPPEJISIINOH-
Hble ¢Bs13u Mopdostorndeckux Gopm spurpornnros OIIK ¢
MOKa3aTe/sIMi MeTab0JIM3Ma, XapaKTepOM OKOJIOILIOAHBIX
BOJI ¥ OIIEHKOII 110 11Kasie Amrap.

Tak, KOJIMYECTBO IJIAHOIMTOB KOPPETUPOBATIO CO
snavenussmu pH xposu (7=0,8; p=0,02), xapakrepom 0oKo-
somofaabix Bog (r=—0,6; p=0,04), 3HayeHUsIMU OTIEHKHU 110
mKkasie Anrap Ha nepBoit munyTe kusau (r=—0,6; p=0,02).
KosmuecTBo cTOMATONNTOB TIPSIMO KOPPEJINPOBAJIO CO 3HA-
YEHUSIMU OIIEHKH T10 TKajie ATrap Ha epBoil MIHYTe JKU3-
un (1=0,5; p=0,05), B TO BpeMst KaK KOJUMIECTBO APYTUX
AHOMAJIBHBIX KJIETOK KOPPETMPOBAJIO C XapaKTEPOM POJIOB
(r=0,7; p=0,03).

Kpome Toro, BbISIBJIEHBI CUJIbHBIE KOPPEISIUOHHBIE
CBSI3U JUIUTEJIBHOCTU MEPHOJIOB POIOB U GE3BOAHOTO MPO-
MeKyTKa ¢ Mophosornyeckum coctaBom sputporutos [TK.

¥ nosopoxzaenubix ¢ PIICH uyepes 7 uyacoB nocie
POXKJIEHMS MOYTH TOJIOBHUHA IPUTPOIMTOB IPEJCTABICHA
ranormramu, 30% — cromatoruramn, 20% — AUCKoOIATA-
Mmu. K 7-M cyTKaM JKU3HU OCHOBHYIO YaCTh KJI€TOK COCTABU-
JIM TIJTAHOIUTBI M INCKOIMTDI, YBEJTMUUIICS CTOMATOIUTO3
(puc. 4). Tlpu 9TOM IPOUSOIILIA HOPMATMBAIUS Ta3000Me-
Ha, BOCCTAHOBUJIOCH CaMOCTOSITEJIBHOE JIbIXaHWe, U JIeTH
GBI HKCTYOMPOBAHBI.

2. AHaiuM3 HaHOCTPYKTYPbl MEMOPaHbI dPUTPOLH-
TOB. BbIcoTa M 1IEPHOJL TOPS/IKOB MO3BOJIUIIN TTOJTYUYUTh UH-
JIUBUJIYAJIbHYIO0 KOJUYECTBEHHYIO OIIEHKY Iapamerpa st
Kauk10r0 peberka. [Ipu poskieHnn y HeJOHOLUIEHHBIX HOBO-
pokaeHHbIX ¢ P/ICH BbLIBMIN M3MEHEHUST HAHOCTPYKTY-
Pbl MeMOPaHbl 9PUTPOIIMTOB: HAKOOJIbIIINE U3MEHEHUST Xa-
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959 40%
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Puc. 5. Mopdouornyeckuii cocraB 9pUTPOLHTOB HOBOPOIK/EH-
Horo M. B pa3/iiuHbie IIePHO/IbI HCCIIe[OBAHHS.
3necs 1 Ha puc. 6—8: OIIK — ocrarouHas IylloBUHHAsS KPOBb.

PaKTepHbI /1S BesmurHbl epsoro nopsiaka (h,), orpaxkaro-
meit mem6pannbiii flickering, oHa mocTOBEpHO IpeBbIIIaia
MoKa3aTesIb TOHOMEeHHDIX AeTedt (p<0,05). Y 6 nemonoren-
HBIX HOBOPOJKIEHHBIX BEJIMYMHA 3TOTO MOPSIIKA MPEBBIIIA-
Jla IoKa3aTeJsIb JIOHOTIeHHbIX JieTeil B 3,8—10 pas, B 4-x ciry-
YasIx BeJIMUMHA [IEPBOTO MOpsiaKa Oblia nossiineHa B 1,5-3,2
pasa, TOIBKO Y 3-X JieTell 9TOT [TOKa3aTeJIb He OTJINYAIICS OT
JIOHOIICHHBIX HOBOPOSKIECHHBIX.

Boicora Broporo nopsiaka (h,y) y 1mosoBuHbl HeOHO-
IEHHBIX JleTell TMpeBBIaga MoKa3aTeJab KOHTPOJIbHON
rpymmbl B 1,5—2,5 pasa, CIEKTPUHHBIN MATPUKC U3MEHSIIICST
Y HOBOPOSKJICHHBIX U3 IBOWHMU, OT MaTepei ¢ TssKesoit ¢hop-
MO TeCcT03a, TIPeIe/KaHNEM TIIATIEHTDL. Y 5 eTell n3MeHe-
HUS CHEKTPUHHOTO MAaTPHUKCA COYETANNCh C SBICHUEM
flickering memOpaHbl spuTponUTOB. Besmunna Tperbero
MOPSIZIKA IOCTOBEPHO HE OTINYAIACh MEK/LY TPYIIIIAMIL

Yepes 7 yacoB mocsie posKACHNS Y TPeX HOBOPOKAEH-
Heix ¢ PZICH oTMeuasny pocT BeJMUNHBI IEPBOTO TOPSIZIKA,
T.e. coxpansiics flickering MmemGpaHbl 9pUTPOIMTOB, BTO-
POIi TTOPSITOK YBEJMUNIICS TOIBKO Y OHOTO pebeHKa, y oc-
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Puc. 6. Tucrorpammer napamerpos hy, hy, h; MemGpan apurpouu-
TOB HOBOPOJK/I€HHOTO M. B pasiM4Hble EePUO/IbI HCCIIEL0BAHMS.

TAJIBHBIX JIETEH TIPOMB0IIIIO CHIDKEHHE HCCJIEAYEMOTO T10-
kazatesst. K 7-M cyTKaMm JKU3HN BEJINYNHA TIEPBOTO TOPSI-
Ka BO3POCJIa y 4 HEJOHOIIEHHBIX HOBOPOK/ICHHBIX.
Koppessiinonnblil aHau3 1mokasal, 4To yepes3 7 4a-
COB TOCJIE POK/ICHUST CYIIECTBYIOT MHOKECTBEHHBIE KOppe-
JISIIFIOHHBIE CBSI3N MEXKIY KOJMYECTBOM CTOMATOIUTOB U
(a) ypouem pCO, kposu (=0,6, p=0,049); (6) KoHIIeHTpa-
ueii 6ukapbonara kposu (HCO3), (r=0,6; p=0,03); (8) 06-
UM cofiepskanueM yriekucaoTsl B kposu (TCO,), (=0,6;
p=0,03); (1) usbpITKOM OCHOBanuii B kposu (BEDb), (=0,5;
p=0,048); (e) HacbluleHrEM TeMOIJIOOMHA KUCIOPOIOM B
kpoBu (r=-0,6; p=0,02). IIpsimbie KOppeEISIINOHHbIE B3au-
MOOTHOIIIEHUST YCTAHOBJICHBI MEKLy 3Hauenusivu pH xpo-
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Puc. 7. Mop¢oaornuecknii coctaB 3pUTPOIMTOB HOBOPO:K/IEH-
Hoii C. B pa3nyHbie NEPUObI HCCIIEJOBAHUS.

BM U HaJUYMEM JIPYTUX aHOMaJbHbIX KJeToK (7=0,8;
p=0,002), a Taxxe mexxay 3HauerussMu pO, 1 BBICOTON 2-TO
nopsizika (r=0,6; p=0,04). Mopdomnorunueckue ¢hopmbl apu-
TPOIMTOB M TrUcTOrpamMMbl napamerpos Boicor (h) mpen-
CTaBJIEHBI Ha puc. 5—§.

Taxkum 06pa3oM, BBISIBJICHBI KOPPESAIMOHHBIE CBSI3H
MEK/LY MOKa3aTesIMi MeTaboIi3Ma, KHCIIOPOJIHOTO CTaTy-
ca KpoBd, MopdosiorndeckumMu (GopMaMu SPUTPOITUTOB U
KOH(UTYpaIHell CIeKTPIHOBOTO MaTPUKCa.

3akaoueHue

MeTtom0M aTOMHO-CHITOBOH MUKPOCKOTIMH BBISIBJICHBI
U3MEHEHUs CTPYKTYPbl MeMOpaH SPUTPOIUTOB MYNOBHH-
HOIi KpoBu. /lJ1st HesloHOEeHHBIX HOBOpOsKAeHHbIX ¢ PICH
XapakTepeH BHYTPUYTPOOHBIH MOWKUIONUTO3, 00YCIOB-
JICHHBII BO3/IeHCTBIEM HEOAAronpusiTHBIX (PaKTOPOB, 4TO
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Puc. 8. Imcrorpammsr mapamerpos hy, h,y, h; MemOpan spurpouu-
TOB HOBOPOsK/teHHOH C. B pa3/MyHble NePHO/bI HCCIIE[OBAHMUSI.

MOATBEPKIACTCS MHOKECTBEHHBIMU KOPPEJSIIMOHHBIMH
CBA3SMH.

I[Tpn aHamM3e HAHOCTPYKTYPBI MEMOPAH SPUTPOIUTOB
OTMEYEHO, UTO HanboIee TyBCTBUTENBHO OTPAKACT SBJICHYE
flickering MeMGpaHbI 9PUTPOLIUTOB U CBUETEILCTBYET O BHY-
TPUYTPOOHOM HAPYLIEHUH MUKPOCTPYKTYPbI MeMODaH BeJIv-
YMHA TIEPBOTO MOPS/IKA. 1IpU POKACHNN BBISIBIISIOTCS TAKKE
M3MEHEHWST CTIEKTPIMHHOTO MATPUKCA MeMOPaH 9PUTPOIIUTOR,
HO ero cTabuin3anusl MPOUCXOAUT JHOCTATOUHO OBICTPO.
CTpyKTypHOE COCTOSTHIE OEJIKOB TIPH 3TOM HE M3MEHSIETCS.
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Nanostructure of Red Blood Cell Membranes
in Premature Neonates with Respiratory Distress Syndrome

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

''V. A. Negovsky Research Institute of General Reanimatology, Russian Academy of Medical Sciences, Moscow
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Objective: to study the nanostructure of red blood cell membranes in premature babies with neonatal respiratory distress
syndrome (NRDS), by applying atomic force microscopy. Subjects and methods. The investigation included 27 newborn
infants, of them 13 premature babies with NRDS formed a study group. The mean gestational age was 33.1+2.3 weeks;
their birth weight was 1800+299.3 g. A comparison group consisted of 14 full-term babies with favorable pregnancy and
term labor. The mean gestational age of the babies was 39.4+0.5 weeks; their birth weight was 3131.7+588.8 g; the infants
had a one minute Apgar score of 8+0.4. Their red blood cells were examined using an atomic force microscope. The objects
to be examined were residual umbilical cord blood (RUCB) from the premature infants; central venous blood after 7 hours
of birth and neonatal venous blood taken on day 7 of life. Results. RUCB from full-term babies contained planocytes that
were a major morphological type of red blood cells. In physiological pregnancy and acute fetal hypoxia, the morphologi-
cal composition of red blood cells in premature neonates with NRDS was close to that in full-term babies. The planocytes
are also a major morphological type of red blood cells in the premature infants; the frequency of their occurrence varies.
Stomatocytes are typical of all the neonates in the NRDS group; their frequency levels vary greatly: from 8 to 65% of the
total number of erythrocytes. The examination revealed that the premature infants of 31—36 weeks gestation were char-
acterized by abnormal erythrocyte shapes that showed a high variability. At birth, the premature babies were found to
have changes in the nanostructure of red blood cell membranes, which were influenced by intrauterine hypoxia. The first-
order value reflecting flickering in the red blood cell membrane varies to the most extent. Conclusion. Atomic force
microscopy showed that the greatest changes in the structure of red blood cell membranes were found in RUCB. The pre-
mature babies with NRDS had intrauterine poikilocytosis caused by unfavorable factors, as confirmed by the presence of
multiple correlations. Analysis of the nanostructure of red blood cell membranes revealed that the first-order value

reflecting flickering in the red blood cell membrane was
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most sensitive; this indicator showed a slow normalization.
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The aim of our study was to characterize morpho-
functional patterns of erythrocytes performing oxygen —
transport function. A variety of actual methods used with
the same purpose included light and transmission electron
microscopy. However, only atomic force microscopy
(AFM) enabled to explore the structure of their mem-
branes in different critical illness [1, 2].

It is known that erythrocytes are disc-shaped, but
this shape is common for rheticulocytes [3, 4]. External cell
membranes of these cells seem equal, but the protoplasm
content of erythrocyte is characterized by higher optical
density on electronograms than that of rethiculocytes.
Intracellular organelles are often detected in rethiculo-
cytes. In newborn rat erythrocytes because of osmotic loads
the prevalence of non-disk erythrocyte are considered as
patterns of necrobiosis [5].

Different forms of erythrocytes possess a number of
morphological features. In discocytes a thick zone of outer
lipid bilayer of cell membrane was observed. In planocytes
ring-shaped redistribution of hemoglobin granules associ-
ated with the change of cytoskeletal proteins was detected.
Spectrophotometric study have demonstrated that auto-
fluorescence of erythrocytes occurs at the wavelength of
480—490 nm; the intensity of the radiation of the toroidal
field in the ultraviolet rays can differ by 1,5—3 times. The
ultrastructure of discocytes is characterized by regular cell
membrane, regular intracellular distribution of hemoglo-
bin and lack of folds.

The ultrastructure of stomatocytes is heterogeneous
forming double cell membrane. Chain-shaped cytosceletal
proteins with irregular concentration of hemoglobin gran-
ules around are detected inside the cells. A large number of
local damages of cell membranes is common in stomato-
cytes [6].

Special attention has been given to studying pre-term
neonates. The neonate immaturity is considered to affect
blood cells. However, in general the blood system of a pre-
term infant with an extremely low weight is ready for an
outside life. Individual qualitative and quantitative
changes of erythrocytes mostly depend on the cause of a
preterm delivery [7—9].

Cord blood is a suitable source of information
about the processes that occur in a fetus body during the
birth [10—13].

The aim of the study: to study the morphological
structure of erythrocytes in pre-term infants with respira-
tory distress syndrome (RDS) by AFM.

Materials and methods

The study included 27 newborns of which 13 pre-term infants
were diagnosed with RDS. Anthropometric characteristics of
neonates, features of amniotic fluid and duration of mechanical
ventilation (MV) are presented in Table 1. The average gestation
age was 34,1+1,7 weeks, birth weight 2065,4+304,8 g. At birth the
condition of the neonates were severe. All pre-term infants were
under the MV because of the severe respiratory insufficiency
caused by RDS. Surfactant Curosurf® was applied to all newborns
3—5 minutes after the birth via the endotracheal route. The aver-
age dosage of the preparation was 153+24 mg/kg. The average
duration of MV was 68+15,6 hours.

In all the cases the course of pregnancy was unfavorable with
the threat of interruption. The second half of the pregnancy was
complicated by severe preeclampsia resistant to pharmacotherapy.
The latter was the reason of a preterm delivery. The majority of the
pregnant women were carried on an emergency caesarean cessation
by the Gusakov's method.

Erythrocytes of 14 full-term newborns with normal course of
pregnancy and urgent delivery were separated from the cord blood.
The average gestational age of the newborns was 39,4%0,4, the
score of the first minute of life was 8+0,4 points (Apgar), the birth
weight was 3131,7£588,8 g. 78.5% of the newborns were delivered
by vaginal route, and in 21,4% of cases the emergency caesarean
cessation was used. At birth all the infants had no signs of acute
hypoxia, the early period of adaptation was normal, they were not
carried out MV.

Methods included the following:

(1) Atomic force microscopy (AFM). Cell preparations
included erythrocytes of cord blood of pre-term neonates, central
venous blood of the newborns 7 hours and 7 days after birth. The
blood samples were taken immediately after crossing the umbilical
cord. They were taken in special 0,25 ml tubes containing EDTA as
a preservative. The blood was mixed with the preservative, then set-
tled for 30 minutes, diluted to 20 ml and a monolayer of erythro-
cytes on a glass slice was prepared with the aid of a centrifuge
StatSpinTM DiffSpinTM 2 Slide Spinner (Fisher Scientific, USA).
The picture of erythrocytes was received using the NTEGRA prima
Atomic Force Microscope (NT-MDT Development Co.,
Zelenograd, Russia) in the semi-contact mode. Cantilevers NSG01-
A were used as probes. The number of scan dots was 512 and 1024,
the area of the scan was 100X100 microns, 1010 microns. The pro-
portions of various erythrocyte forms were determined with the aid
of AFM, and the calculations were performed with 300 cells. The
analyses of nanostructures of erythrocyte membranes were per-
formed by using the spatial Fourier transform decomposition of ery-
throcyte membrane surfaces into three orders according to spectral
windows of 1000—600 nm, 80—300 nm 20—60 nm for the first, sec-

Table 1

General characteristics of neonates
Parameters Values
Neonates with RDS 13
Gestational age, weeks 33,1+2,3
Birth weight, g 1800+299,3
Scores (Apgar scale, first minute of life) 4,9+0,8
Males 7(53,9%)
Females 6 (46,1%)
Clear amniotic fluid 61,5%
Amniotic fluid with blood 30,8%
Amniotic fluid with meconium 7,6%
Duration of MV, hours 68+15,6
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Fig. 1. Shapes of red blood cells.
a — discocyte; b — planocyte; ¢ — echinocyte; d — stomatocyte.
Table 2
Morphological shapes of erythrocytes of pre-term neonates in peripheral blood
Forms of erythrocytes Values, %
Discocytes 28+16,5
Planocytes 44+16,5
Stomatocytes 26+12,8
Echinocytes 20£8,3
Others 19+8,3

ond and third orders, correspondingly. The first order correlates
with the phenomenon of membrane flickering reflecting the
macrostructure properties of the membrane. The second and the
third orders correlate with the configuration of spectrinal matrix
and reflect the conditions of protein connection nodes. The para-
meters were measured on the plane part of cells of different forms.
The method of analysis of nanostructures has been described in
details in previously published papers [14,15].

(2) During MV gas composition in capillar blood was rou-
tinely performed by Gem Premier 3000 (USA).

(3) Statistical processing of the data was carried out using
the standard program Origin 6.1 (Microsoft, USA). Pearson and
Spearman correlation coefficients were determined by Statistica 6.
The significance of differences were estimated by factor analysis of
variance (one-way ANOVA). The differences were considered sig-
nificant at p<0.05.

Results and discussion

The morphology of erythrocytes and clinical condi-
tions of newborns. The shape of erythrocytes is an impor-
tant informative indicator reflecting the metabolic process-
es occurring in the body and affecting the conditions of
erythrocyte membranes. It is known that mainly discocytes

— the double-concave cells with a flat surface circulate in
the blood of a healthy person (Fig. 1, a).

The study showed that 85% of RB erythrocytes in
neonates were presented by flat shaped planocytes (Fig. 1, b)
and 15% were presented by transformed erythrocytes that
include 3% ehinocytres (Fig. 1, ¢), 3% stomatocytes (Fig. 1, d)
and 9% other abnormal cells.

Erythrocytes whose characteristics are not included
in the standard classification were detected. Newborns are
characterized by a high number of erythrocytes (intrauter-
ine physiologic erythrocytosis) and a high level of hemo-
globin including fetal hemoglobin. Plantocytes might be a
transient form in full-term neonates. In this group the cor-
relation between the clinical condition of the neonates and
the shape of erythrocytes was not detected.

The morphological structure of erythrocytes of pre-
term newborns is presented in Table 2. Discocytes and
planocytes reached 72% of the total number of erythro-
cytes in the cord blood of RDS neonates. Discocytes were
found in five infants (38,5%), four pregnancies were com-
plicated by acute disturbances of utero-placental blood
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Fig. 3. Dynamics of blood gases in premature infants of RDS
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Fig. 4. Morphological shapes of RBC at different study points.

flow (placental abruption), severe preeclampsia, threat of
antenatal fetal death in the second half of pregnancy.
Discocytes were not found in blood of newborns from
multiple pregnancy.

The main morphological shape of erythrocytes in pre-
term neonates was presented by planocytes, frequencies of
which varied from one per field of view to 90% of the total
number of erythrocytes. In normal pregnancies with fol-
lowing acute fetal hypoxia the morphological structures of
erythrocytes were similar to ones from full-term infants.

Stomatocytes were common for all RDS newborns,
their number varied from 8% to 65% of the total number of
erythrocytes. All the pre-term infants with gestational age
of 31—36 weeks were characterized by abnormal and vari-
able shapes of erythrocytes. Two of the shapes are present-
ed in figure 2.

The estimation of oxygen status and status of the
metabolism of a newborn is important criteria. The dynam-
ics of these indicators is presented in Fig. 3. At birth the
median of pH was 7,27 (7,14—7,39) which corresponded to
the following parameters of pulmonary gas exchange: the
partial pressure of oxygen (PO,) was 31,3+7.3 mm Hg, the
saturation of the hemoglobin by oxygen (SO,c) was
52,8422.1%. The data obtained confirms antenatal fetal
hypoxia. Three hours after the birth normalization of the
oxygen status occurred as a result of MV: PO, and SO,c
were increased. Blood pH increased significantly (p<0.05)
by the third hour of life and was kept within the physiolog-
ical norms during the whole study. During the first hours of
MYV the oxygenation of the blood became normalized.

The following correlation links between morphologi-
cal forms of CR erythrocytes, indices of metabolism, the
nature of amniotic fluid and the scores on Apgar scale in
RDS newborns were detected by correlation analysis:

(1) between the number of planocytes and (a) blood
pH (+=0,8; p=0,02); (b) nature of amniotic fluid (r=-0,6;
p=0,04);(c) the Apgar scale score at the first minute of life
(r=-0,6; p=0,02);

(2) between the numbers of stomatocytes
and the scores on Apgar scale within the first minute of life
(r=0,5; p=0.05);

(3)between the numbers of other abnormal cells and
the way of delivery (=0,7; p=0,03).

Moreover, strong correlations were detected between
the duration of delivery, the anhydrous period of delivery and
morphological composition of erythrocytes in cord blood.
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Fig. 5. Morphology of RBC of newborn M. at different study
periods.

Seven hours after the birth almost half of erythro-
cytes of RDS neonates was presented by planocytes,
and another half contained stomatocytes (30%) and
discocytes (20%). By the seventh day of life the major
portion of erythrocytes was presented by planocytes
and discocytes while the number of stomatocytes were-
increased (Fig. 4). The gas exchange was normalized,
independent breath recovered and the neonates were
extoubated.

Analysis of nanostructures in erythrocyte mem-
brane. The value and period of the order allowed the per-
forming an individual quantitative estimation of nanos-
tructural parameters of erythrocyte membrane in each
neonate. Numerous changes in nanostructure of erythro-
cyte membranes were detected at birth in RDS pre-term
infants. The value of the first order (h;) (reflecting the
membrane flickering) was mostly changed and significant-
ly exceeded the corresponding parameter of full-term
infants (p<0.05). In six pre-term newborns the value of this
order was 3.8—10 times more than in full-term infants. In

[ Controls
[J RBC

Orders

M RBC
(] 7hrs

1 2 3
Orders

[ RBC
w [] 7 days

1,5 2,0 2,5 3,0 3,5
Orders

1,0

Fig. 6. Histograms of hy, h,, h; parameters of erythrocyte mem-
branes newborn M. at different study periods.

four cases the value of the first order increased 1.5—3.2-
fold. In three infants this indicator was the same as for full-
term newborns.

In half of pre-term infants the value of the second
order (h,) exceeded the one in control group by 1.5—2.5
times, spectrin matrix changed in twins born from mothers
with severe preeclampsia and placental previa. In five chil-
dren changes in spectrin matrix were combined with the
phenomenon of flickering of erythrocyte membranes. The
values of the third order did not differ significantly
between the groups (p>0.05).

Seven hours after the birth in three RDS newborns
the value of the first order were increased demonstrating
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Fig. 7. Morphology of RBC of newborn C. at different study
periods.

that the erythrocyte membrane flickering remained where-
as the values of the second order changed in one newborn.
In other infants the values of the latter parameter were
decreased. By the seventh day of life the value of the first
order increased in four pre-term neonates.

Seven hours after birth the parameters correlated as
follows:

(1) between the number of stomatocytes and (a)
pCO, of blood (=0,6; p=0,049);(b) concentration of
bicarbonates in blood: (r=0,6; p=0,03); (¢) total concen-
tration of carbon dioxide in blood (TCO,) (r=0,6;
p=0,03); (d) saturation of hemoglobin with oxygen
(r=-0,6; p=0.02); (e) total concentration of bases in
blood (7=0,5; p=0,048);

(2) between blood pH and the number of other
abnormal cells (=0,8; p=0,002); (3) between pO, and the
height of the second range(r=0,6; p=0,04).

Therefore, correlation links between indicators of
metabolism, oxygen condition of blood and the configura-
tion of spectrin matrix were detected.
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.
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Fig. 8. Histograms of hy, h,, h; parameters of erythrocyte mem-
branes newborn C. at different study periods.

Conclusions

Using the atomic force microscopy technology the
patterns of nanostructural changes in cord blood erythro-
cyte membranes were detected. Prenatal poikilocytosis due
to the influence of multiple adverse factors was common for
RDS pre-term infants.

This study established that the nanostructural
patterns of the erythrocyte membranes characterized by
the values of the first order (reflecting the phenomenon
of erythrocyte membrane flickering) were the most sen-
sitive to confirm the prenatal irregularity of membrane
nanostructure. Changes in spectrin matrix of erythro-
cyte membranes were observed at birth, however, stabi-
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lization of the matrix was relatively fast. Nanostructural
analysis of erythrocyte membranes with the aid of AFM

10.
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ObIMIAA PEAHUMATOJOI'UA

Hayuno-npaxtuueckuii sxypHai «O01iast peaHuMaToJIOT s>,
Bxozsuii B epedens BAK PO, npennasnauen s Bpaueil aHeCcTe3M0JI0T0B-PEAHUMATOJIOTOB
1 HAYYHBIX COTPY/IHUKOB.

TemaTuka JKypHaJa: 1aToretes, KJIMH1uKa, InariocTrka, JjedyeHue, HpO(bI/I.HaKTI/IKa 1 11aTOJIOMYeCKasA aHaTo-
MUA KPUTUYECKUX, TEPMUHAJBHBIX U ITIOCTPEAHUMAIIMOHHbBIX COCTOSTHUIA. BOHpOCI)I OKa3aHusd Z[OI‘OCHI/ITE{]II)HOﬁ 110~
Moy Ipu KpUTUYECKUX COCTOSAHUAX. BOHpOCbI O6y‘{eHI/IH HaceJIeHu 1 MEINITMHCKOTO ITepCcoHaJIa IpueMam oKa-
3aHUS HEOTJIOKHOM TIOMOIIU TP KPUTUYECKUX COCTOAHUAX.

Aynuropusi: jieueOHbIe YUPEKAEHUS; BbICIIMe yueOHble 3aBeleH s MEUIIUMHCKOTO TPODUIIST; MEAUIUHCKIE
YUPESKACHUS TIOCIEUIIIOMHOTO 0OpasoBatusi, DesepaiibHble U PErMOHAIBHBIE OPTaHbl YIIPABJICHUS 3[PABOOXPa-
HEHMEeM, MeMIIMHCKIE HayYHO-UCCIe0BATENbCKIUE HHCTUTYThI; MEUIIMHCKIE OUOTMOTEKN.

IMOAIMNCKA

B no60M noutoBOM OTZ€JIEHUH CBA3U IO KaTaJIory «PocneyaTs»

e mHEeKC 46338 — /U1 MHANBU/YATBHBIX TTOAMTUCYNKOB
* uHjeKc 46339 — 1 npeAnpUATHI 1 OpraHU3aIit
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