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[Ipo6siema HenpeaHaAMEPEHHON THITOTEPMUK B [IEPHONEPAIIHOHHOM [IEPUOJIE OCTAETCS AKTYAIBHOI.
ITess paGoOTHI: OIEHUTD BJMSHUE TEMIIEPATYPbI i1 0it70 Ha MOPMOJIOTHIO U HAHOCTPYKTYPY MEMOPAH 3PUTPOIIUTOB.
Marepuan u Metoasl. Vcronb3oBanu 4 KoHTeliHepa apuTponuTapHoi B3Becu (IB) ¢ pasapiMu rpym-
IIaMu KPOBH, 3allaKOBAHHYIO B repMeTnunbie KoHTeiHephl (400 mur) ¢ remokoncepBanTom CPD. 9B xpa-
Huuu npu 4°C. Hpo6sr (15ma) nomemanu B tepmoctat Ha 20°C u 37°C u ycraHaBJAuBaIM HA POTATOP
(6—8 06/mun) BioRS-24 Mini-Rotator Bioscan (EU). AHanns KMCJAOTHO-OCHOBHOTO COCTOSHUS IPOBO-
JIMJIA € TIOMOIIBIO HOHOMeTpHuYeckoro npeobpasosarenst «M-510» (PD). Ananus MophOJOTHH ¥ HAHO-
CTPYKTYPBI MeMOpPaH 9PUTPOMUTOB KJIETOK MPOBOAMIN C MOMOIIBI0O aTOMHOTO CHJIOBOTO MHUKPOCKOTIA
(ACM) «<NTEGRA Prima», (NT-MDT, PD) B KOHTAKTHOM PEKUME Ha MOHOCIOSIX MPUTOTOBIEHHBIX C
MMOMOIIBI0 METO/IA OCENaHNs B KUAKOCTU 1 HA BO3/yXe.

Pesyabratel. Ha 19-¢ cytku xpanenus 9B 1pu uccienoBanny KpoBH, COXpPaHABIICHCS 1PU TeMIlepaType
20°C, uepe3 1 wac u 12 yacoB poTaiii B MOHOCJIOSIX KPOBH TIPUCYTCTBOBAM AncKOUTH (12+3%). KosmyectBo
AXUHONUTOB nocse 1 yaca potanun cocrasisiyio 14£2%, mocse 12 yacos poraiuu — 40+7%. KosmuectBo chepos-
XUHOIMTOB Tocje 1 yaca poraiun coctasisiio 74+2%, nocie 12 wacos poramn — 42+8%. ITpu 37°C nocste 1 ga-
ca poTaluu B MOHOCJIOE TIPUCYTCTBOBAJIO YeThipe Bua (hOpM APUTPOITUTOB, TaKKMe KAK TUCKOIUTBI, 9XUHOIUTHI,
chepoaxuHouThl, oBasonuThL. [Tocie 12 yacoB poraruu paciipezesierne (hopM KJIeTOK M3MEHUJIOCH, KJIETKH BOC-
CTAaHOBUJIM CBOIO (hOPMY /10 AMCKOIUTOB (97£2%).

3akmouenue. [losyuennble pe3ysbraThl JOKa3bIBAIOT BIMSHUE OXJIAKICHNUS IIPYU KOHCEPBUPOBAHUH 3PUTPO-
uToB. Mamenserca ¢gopma spurponnton. Boccranosiene Mophos0Trnueckoil CTPYKTYPbI 3aMOPOKEHHBIX PUT-
POIUTOB TIPOUCXOJIUT MeJITIEHHO — B TedeHue 12 yacoB. ITo o3HAYAET, UTO TPaHChY3US HPUTPOIIUTOB, TEMIIEPATY-
pa koropbix Huke 37°C, He MoxeT ObITh 3hGhEKTUBHOI B TeueHue, 110 KpaiiHeil Mepe, 12 yacoB u Tpebyercst
corpeBaHue TpaHC(HY3MOHHOI CPeibl, UTOOBI YMEHBIIUTH PUCK TPAHC(HY3UU MIPENaPATOB KPOBU.
Kmouesvie crosa: spumpoyumot; Mop@oiozus; memnepamypa; AmomMHas CUi08as MUKPOCKONUSL
The problem of unintentional hypothermia in the postoperative period is still an urgent one.
The purpose of the work: to assess the effect of the in vitro temperature on the morphology and nanostructure
of erythrocyte membranes.
Material and methods. 4 containers with erythrocyte suspensions with different blood groups were used; the
suspension was packed in sealed containers (400 mL) with CPD blood preservative. The erythrocyte suspension
Anpec 1151 KOPpPECHOHAEHIUU: Correspondence to:
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was kept at 4°C. Samples (15 ml) were placed in a thermostat at 20°C and 37°C; then they were placed on the
BioRS-24 Mini-Rotator Bioscan (EU) rotator (6—8 rpm). The analysis of the acid-base balance was carried out
using the 1-510 ionometric converter (Russian Federation). The morphology and nanostructure of erythrocyte
membranes were analyzed using an atomic force microscope (AFM) «<NTEGRA Prima» (NT-MDT, Russian
Federation), in a contact mode, on monolayers prepared using a method of sedimentation in liquid and air.

Results. Discocytes were present in monolayers of blood after 1-hour and 12-hour rotation (12+3%) on Day
19 of ES storage at temperature 20°C. The number of echinocytes was 14£2% after a 1-hour rotation and 40+7%
after a 12-hour rotation. The number of spheroechinocytes was 74£2% after a 1-hour rotation and 42+ 8% after a
12-hour rotation. At a temperature of 37°C, after a 1-hour rotation, four forms of erythrocytes were present in a
monolayer: discocytes, echinocytes, spheroechinocytes, and ovalocytes. The distribution of cell forms changed
after a 12-hour rotation, and the cells recovered their shapes to discocytes (97+2%).

Conclusion. The obtained findings confirm the effect of cooling during erythrocyte preservation. The shape of
erythrocytes was changed. The morphological structure of frozen erythrocytes recovers slowly, within 12 hours. It
means that the transfusion of red blood cells whose temperature is below 37°C may not be effective for at least 12

hours and the transfusion medium should be warmed to reduce the risk of transfusion of blood products.

Keywords: erythrocytes; morphology; temperature; atomic force microscopy
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BBenenne

CrpyKTypHbIE H3BMEHEHUST 9PUTPOIIUTOB UTPaA-
0T BaKHYIO POJIb B PasBUTHM HapyIICHUI Ta3000-
mera [1, 2]. TIpobrema HempemHaMepPEHHON THTIO-
TEPMUU B TEPHUONEPANMOHHOM IE€PUOLe U B
HACTOsIIIEe BPEMSI OCTAETCSI aKTYaJIbHOW U HIMPOKO
obcysKkmaeTcs B HayIHO# tuTeparype. B ncemenosa-
HUSX TIPOBOAMTCS OIEHKA BJIUSHUS Pa3IUIHBIX
c1roco60B corpeBaHust (AKTUBHBIX 1 MACCUBHBIX) Ha
dbyHKIIMOHATBHBIE, MeTaboNWUeCKWe ¥ JpyTHe
dbyuxiun opranusma. llpwdunamu HempeaHaMe-
PEHHOU THUIIOTEPMUU SIBJISIIOTCSI PACKPBITUE TTOJIOC-
Tell TPW BHYTPUIOJOCTHBIX XUPYPTHUECKUX BMe-
[IaTeIbCTBaX (HAIPUMED, JATaPOTOMUS ), BIUSHUE
AHECTE3WN HAa TEPMOPETYJISINIO, [JIUTENbHbIE XH-
pPyprudyecKrue BMEIIAaTeIbCTBA, IEPEJUBAHIE PaC-
TBOPOB U TIPENAPaTOB KPOBU U MCIIOTIH30BAHIE TIPO-
MBIBHBIX KUAKOCTEH [3—5].

Biusitne mepuomnepannoHHON TUIIOTEPMUN HA
(yHKIIMKM OpraHOB M cHcTeM MHOrooGpasHo. B pe-
3yJIBTaTe ATOTO BJIMSIHUS MOTYT Pa3BUBATHCS MH(EK-
IIMOHHBIE OCIOKHEHVISI, TPUBOISIIIE K YBEJIUIEHUIO
JUTHTEJIBHOCTH TIPEOBIBAHNSI B OT/CJCHUSIX PeaHnMa-
TOJIOTWW U TIOBBINIIEHUIO JIETATHHOCTH.

Cpenn GOJIBHBIX, OMEPUPOBAHHBIX MO MOBOIY
TSIKENION 4epernto-M0o3roBoil TpaBMbl, moutu B 11%
CJIyYaeB UMeJia MECTO HellpeIHaMePEeHHAs THIIOTep-
must (<35°C). JletanbHOCTb Y 3THX OOJIBHBIX ObLTa
JIOCTOBEPHO BBIIIIE, YeM B TPYTIe OOJIBHBIX ¢ HOPMO-
Tepmueii [6]

Cpennt GOJIBHBIX, KOTOPBIM BBITIOJIHSIJIHCH T10-
Joctable omneparu runorepmus (<35°C) Berpeda-
jack B 15% caydaes. B at1oii rpyiie 60JIbHBIX HMeTa
MECTO JI0CTOBEPHO OOoJIblIas KpoBonoreps — 2,624
JI B CPaBHEHUH € TPYIIIOi OOJIBHBIX ¢ HOPMOTEPMHUEH
— 1,7+1,8 J1; ieTarbHOCTD y OOJIBHBIX ¢ THITOTEPMUEH
Oblyia TAKIKE 3HAUUTELHO BBITIE -35% TI0 CPABHEHUIO
¢ 8% GOJIBHBIX ¢ HOpMOTEpMUE [7]

Nccenenosanust Sessler D.I. ¢ coaBTopamu mo-
KasaJli, 4TO TMIOTEPMHUS CIIOCOOCTBYET CHUKEHUIO

Introduction

Changes in the erythrocytes structure lead to
gas exchange disturbance [1, 2]. The problem of unin-
tentional perioperative hypothermia is still an urgent
one and is widely discussed in scientific literature. The
study assesses the impact of different ways of warming
(active and passive) on functional, metabolic, and
other body functions. The causes of unintentional
hypothermia include the opening of cavities during
intracavitary surgical interventions (e.g. laparotomy),
the impact of anesthesia on the thermoregulation,
duration of surgery, transfusion of fluids and blood
products and use of lavage liquids [3—5].

The effect of the perioperative hypothermia on
functions of organs and systems is diverse; and infec-
tious complications, increased ICU stay and
increased lethality are the results of this effect.

Among the patients operated for severe cranio-
cerebral injury, nearly 11% experienced an unintend-
ed hypothermia (<35°C). The mortality rate in this
group of patients was significantly higher than that
in the group of patients with normothermia [6]

Hypothermia (<35°C) was diagnosed in 15% of
patients who underwent abdominal operation. In
this group of patients, there was a significantly large
blood loss (2.6+2.4 1) as compared to the group of
patients with normothermia (1.7+1.8 L); the mortal-
ity in patients with hypothermia was also signifi-
cantly higher (35%) as compared to 8% in patients
with normothermia [7]

The study of D.I. Sessler et al. has shown that
hypothermia contributes to the reduction of the oxy-
gen uptake by tissues [8] and the oxyhemoglobin dis-
sociation curve shift to the left [9].

Therefore, the state of transfused erythrocytes
without ES preheating up to 37°C is of a special
interest. The temperature gradient can impair the
spectrin matrix of the membrane, which leads to the
change of the membrane nanostructure and the cell
morphology.
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noTpebIEHIS KICIOPo/ia TKaHsaMu [8], caBury Kpu-
BOW INCCOITHAIIAN OKCUTeMOTJIOONHA BJIeBO [9].

[TosToMy OTHENBHBINT WHTEPEC TPECTaBJISIET
COCTOSIHME BBE/IEHHBIX B KPOBSTHOE PYCJIO APUTPOIH-
TOB 6e3 WX TpefBapuTeNsHOTO TomorpeBa IB 10
37°C. I'pasiieHT TeMIiepaTypbl MOJKET BbI3BATh HAPY-
[IEHNE CIIEKTPUHOBOTO MAaTpPUKCa MeMOPaHBI, KOTO-
poe MPUBONUT K U3MEHEHUIO HAHOCTPYKTYPbI MEMO-
paHbl ¥ MOPGOJIOTUN CAMOI KJIETKH.

9B xpanntes pu 4°C [10]. Ilepen mpoBenenn-
eM reMoTpaHchy3un ee HeOOXOMMMO TOMOTPETH IO
(pusnonormueckoii remmepatypst 37°C [11].

CorpeBanue CHUKAeT BSI3KOCTH OXJIAXK/IEHHOMN
KPOBH B 2,5 pasa. 3a4acTyio Mo/lorpeBaHue IPOU3BO-
JISIT, TIOTpysKast maket ¢ DB B Boxy, ¢ Temneparypoii
+37°C na 20—30 mun [12]. [Ins nogorpeBaHust KOM-
MOHEHTOB HPUTPOIUTAPHOIN B3BECU PEKOMEHIYETCST
HCTIOBb30BATH CIEHATbHBIE TPUCTTOCOOTEH ST, TI03-
BOJISTIONITIIE OCYIIECTBJISATh KOHTPOJb 32 TIPOIIECCOM
corpeBanus [13].

ITesb paboTHI — OIEHUTH BJIUSHIE TEMIIEPATY-
PBI in vitro Ha MOPMOIOTHIO U HAHOCTPYKTYPY MeMO-
paH 9PUTPOIIUTOB.

Marepuan u METObI

Ucnonb3oBanu 4 KoHTeitHepa apUTPOIIUTAPHOI B3Be-
CH C Pa3HBIMU IPYIIIIAMU KPOBH, 3aIIAKOBAHHYIO B repMe-
trynbie Konteitneps! (400 M) ¢ remokoncepBanTom CPD.
SputponuTtapuyio B3Bech xpanuiau 1npu 4°C. Vamepenus
MIPOBOJIUJIN TI0 CXeMe, TIpejicTaByienHoit na puc. 1. M3 xax-
JIOr0 KOHTelHepa oTéupanu npobbl 1o 15 mur. IIpo6sr 1mo-
Merasu B TepmocTaT Ha 20°C u 37°C u ycranaBiauBaau Ha
porarop (6—8 06/mun) BioRS-24 Mini-Rotator Bioscan
(EU) mig momenupoBaHus IIpoliecca KPOBOOOPAIEHUSI.
[Tocsie pocTuskeHMs: yCTaHOBJIEHHOH TeMmieparypel OB
6pasiu ipoby 1Uist IpoBeieHust uameperuil. B rabu. 1 npen-
craBieHbl 0603HAYEH s TPOO.
OO61uii aHaM3 KPOBH TIPOBOJINIIA HA TeMATOJIOTHYEC-
koM anasmzarope «<ADVIA 60» (Germany), GuoxuMudecKuii
aHaym3 — Ha aHaymsarope «Miura One» (I.S.E. Group, Italy).

ES is stored at 4°C [10]. Before the transfusion
blood should be warmed to the physiological tem-
perature of 37°C [11].

Warming reduces the viscosity of cooled blood
by 2.5-fold. Usually the blood is warmed by emerging
the bag with ES in water at a temperature of +37°C
for 20—30 min [12]. Special devices permitting to
monitor the process of warming should be used for
heating of erythrocyte suspension components [13].

The purpose of the work was to assess in vitro
the effect of the temperature on the morphology and
nanostructure of erythrocyte membranes.

Materials and Methods

4 containers with erythrocyte suspensions belong to
different blood groups were used; the suspension was
packed in sealed containers (400 mL) with CPD blood
preservative. The erythrocyte suspension was kept at 4°C.
The measurement was performed according to the flow-
chart presented in Fig. 1. 15 mL was sampled from each
container. The samples were placed in a thermostat at
20°C and 37°C; then they were placed on the BioRS-24
Mini-Rotator Bioscan (EU) rotator (6—8 rpm) for simu-
lating the blood circulation process. When the ES reached
the established temperature, a sample was taken for mea-
surements. Table 1 presents the sample description.

The complete blood parameters set was analyzed
using the ADVIA 60 hematologic analyzer (Germany),
and the blood chemistry test was performed using the
Miura One analyzer (L.S.E. Group, Italy).

The analysis of the acid-base balance was carried out
using the 1-510 ionometric converter (Russian
Federation). For pH measurements, ES-10603 electrodes
were used along with a reference electrode (ESr-10103).
The concentration of potassium ions was measured using a
potassium-selective electrode HS-K-001.

The morphology and nanostructure of erythrocyte
membranes were analyzed using an atomic force micro-
scope (AFM) «NTEGRA Prima» (NT-MDT, Russian
Federation), in a contact mode, on monolayers prepared
using a method of sedimentation in liquid and air. The sed-

Erythrocyte suspension (ES)

‘—
fe— I2R [«—
Thermostat
20°C

> | OLE
L > I2R. |5
Thermostat
37°C

Puc.1. Cxema npoBe/ieHHs1 IKCIIEPUMEHTA.
Fig. 1. Flow-chart of the experiment.

Note. 01 R — 1-hour rotation; 12 R — 12-hour rotation. AFM images obtained in the semicontact mode in air.
IIpumevanue. Erythrocyte suspension — apurtpormraptas B3sech; 01 R — poranusa 1 yac; 12 R — poranusa 12 wacos; Thermostat — rep-
mocTar. ACM 1306paskeH s IOy IeHHbIE B TOTYKOHTAKTHOM PEKIIMe Ha BO3/yXe.
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Ta6auna 1. Uccaeayempie npoosI.
Table 1. Study samples.

Sample name Rotation time t°C
01R-20 1 hr 20°C
12R-20 12 hrs 20°C
01R-37 1 hr 37°C
12R-37 12 hrs 37°C

IIpumeuyanue. Sample name — HazBarnue npoowl; Rotation time — Bpemst porammu; hrs — yacsr.

AHaJTN3 KUCJIOTHO-OCHOBHOTO COCTOSIHUST TPOBOJIM-
JIU C TOMOIIBIO MOHOMETPUYECKOTO MpeobpasoBarerisi
«1-510» (PD). It uamepenns pH mcmonb3oBaim aex-
tpoant IC-10603 ¢ anexrpomom cpasuenuss DCp-10103.
KowtieHTpaIiio MOHOB Kajus U3MEPSIN KaJIuii-cesek-
TuBHBIM 2siekTposoM XC-K-001.

Anamuz MopGhOJIOTHH ¥ HAHOCTPYKTYPbI MeMOpaH
HPUTPOIUTOB KJIETOK IIPOBOJMJIN C IIOMOIIBIO aTOMHOTO
cunooro Mukpockoma (ACM) «<NTEGRA Primas, (NT-
MDT, PD) B KOHTAKTHOM PEXUMe Ha MOHOCJIOSIX TIPUTO-
TOBJIEHHBIX C MOMOIIBIO METO/IA OCEAAHMS B JKUIKOCTH U
Ha Bo3ryxe. MOHOCJIOH ocelaHusI [IeJIaiu 110 CXeMe, KOTO-
past mpezicTaBsiena Ha puc. 2. B 5 Mo PBS (pH7,4) nobas-
s 50 MKJT apuTponuTapHoil B3secu. Ilomydenmyio cyc-
[IEH3UI0 HAHOCUJIM HA CTEKJIO C HOJUIN3uHOM Ha 20
MuHyT. OceBine kiaetkn pukcuposasiu, B reuenue 10 cex
B 1% pacTtBope TimoTapoBoro anpaeruaa. [locie dbukcarnun
obpasell MpOMBIBAJIN MOBTOPHO B Oydepe u 0CTaBIIsIM HA
40 MuHYT 71711 GOPMUPOBAHIS MOHOCJIOST.

V300paskeHust B pacTBOPE MOJIyYajii KaHTUIEBEPAMU
tuna SD-R150-T3L450B-10. Yucso ToYek cKaHUPOBa-
nust — 512. Toma cxanuposanms: 100X100 mxm, 50X50
MKM, 10X10 Mrm. TToapo6HO METOAMKA TONYyYEHUST 1 aHa-
JI3a HAHOM300PaskeHH MeMOPaH aPUTPOIUTOB OIKCaAHA
Hamu B pabore [14, 15].

PesyibraThl 1 00CyK/1€HUE

B kauecTBe mipuMepa pUBEN PE3YIIBTATEI, IT0-
JiydeHHbIe Tpu xpaHeHun JB B Teuenue 19 cyTok.
Ha xaxmom o6pasite morydanu 1o 2 ckara. Ha xax-

imentation monolayer was made using the scheme present-
ed in Fig. 2. 50 uL of the erythrocyte suspensions is added
to 5 mL of PBS (pH7.4). The resulting suspension was
applied onto glass with polylysine for 20 minutes. The set-
tled cells were fixed in 1% solution of glutaralaldehyde for
10 sec. The sample was washed again in the buffer after fix-
ation and left for 40 minutes to form a monolayer.

Images in the solution were obtained using SD-R150-
T3L450B-10-type cantilevers. The number of scanning
points was 512. Scan fields: 100X100 pm, 50X50 pm,
10x10 um. The detailed methodology for obtaining and
analyzing nanoimages of erythrocyte membranes was
described by us in [14, 15].

Results and Discussion

Results obtained after a 19-day ES storage are
presented as an example. 2 scans were obtained for
each sample. The morphology (70—80 cells) was
analyzed in each scan. To study the membrane nanos-
tructure, 15—18 cells of each scan obtained earlier
were used. In total, 450 fragments for temperatures
t=37°C and 20°C were scanned.

The morphology of donor erythrocytes is the
main indicator of their state. Table 2 shows the per-
centage ratio of different cell forms on the 19th day
of storage after 1-hour and 12-hour rotation at a tem-
perature of t=37°C and 20°C.

Discocytes were present in monolayers of blood
after 1-hour and 12-hour rotation (12+3%) on Day

. Fixation
The suspension (S) Rinsing in glutaralal- ~ Rinsing
is applied into a glass with in the buffer  dehyde (GA) in the buffer
polylysine (PL) for 20 min : luti
solution for 10 sec i Monolayer
formation
2 - for 40 min
Mono

Puc. 2. Cxema noxy4yeHHs MOHOCJIOSI METO/IOM OCEIaHus.

Fig. 2. Scheme of production of monolayer using a sedimentation technique.

Ipumevannue. The suspension (S) is applied into a glass with polylysine (PL) for 20 min — cycnensust HAHOCUTCS Ha CTEKJIO € TIOJUIHU-
sunoM Ha 20 mun; Slide with PL dry — cyxoe npeamertoe crexsio ¢ nosmnusutom; Rinsing in the buffer solution — npombika B 6yde-
pe; Fixation in glutaralaldehyde (GA) for 10 sec — duxcaiusa B roraposom asnbaeruge 10 cex; Monolayer formation for 40 min — cop-
mupoBatue MoHocsos 40 mun; PBS — Gydep.
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Ta6auna 2. Mopdosorus KJIeTok IpUTPOIMTaPHON B3BeCH Ha 19-€ CyTKH XpaHeHus1.
Table 2. Cell morphology of erythrocyte suspension on Day 19 of storage.

t°C Cell morphology
1-hour rotation 12-hour rotation
d e sph ov d e sph ov
20°C 12+3% 14+2% 74+2% 18+4% 40+7% 42+8%
37°C 28+7% 32+7% 24+7% 16+£7% 97+2% 3£1%

Note. d — diskocytes; e — echinocytes; sph — spheroechinocytes; ov — ovalocytes.
ITpumeuanue. Cell morphology — mopdosorus knerok; hour rotation — wacos poranuu. d — auckounTsr; e — axuHOIUTHE; sph — cde-

POSXUHOILUTDI; OV — OBaJIOIUTDHI.

JIOM cKaHe aHanusupoBasu mopdosoruio 70—80
KJIeTOK. J[JIsT McCie/IoBaHNsT HAHOCTPYKTYPhI MeMO-
pan ncrnob3oBaiu mo 15—18 kreTok ¢ Kaxmoro mo-
JIy4eHHOTO panee ckana. Beero mpockanuposaii 450
(parmenToB st Temmeparyp t=37°C u 20°C.

OCHOBHBIM TIOKa3aTeIeM COCTOSTHHS JJOHOPCKUX
BPUTPOIIUTOB SABJIsIeTCsT UX Mopdosorust. B tabu. 2
MIPUBEJTH TIPOTIEHTHOE COOTHOTIIEHNE PA3TUUHBIX (hOpM
KJIeTOK Ha 19-e cyTkm xpanenust st 1 n 12 yacos po-
tarmu ipu Temriepatype t=37°C u 20°C.

Ha 19-e cytku xpanenust 9B nipu nccreoBannn
KpOBH, coxpansBinetics mpu temreparype 20°C, uepes
1 yac u 12 vacoB poraiuu B MOHOCJIOSIX KPOBU TIPH-
cyrcrBoBasu auckoruTsl (12+3%). Kosmaectso axu-
HOIMTOB Tocae 1 waca poranum coctaBsio 14+2%,
mocyie 12 wacos porarn 40+7%. Komraectso chepo-
9XMHONUTOB Tocje 1 Yaca poTaluy COCTABJISIIO
74%2%, nocie 12 yacos poranyu 42+8%. Ilpu 37°C
moce 1 gaca poTaruu B MOHOCJTIOE TPUCYTCTBOBAJIO
YeThIpe BUIA (hOPM IPUTPOIUTOB, TaKKe KaK JTMCKO-
IIUTBI, 9XUHOIUTHI, C(HEPOIXUHOIUTHI, OBATOIUTHI.
[Tocne 12 wacoB poranuu pacrpezeseane (GopM Kie-
TOK M3MEHUJIOCh, KJIETKA BOCCTAHOBUJIN CBOIO (hOPMY
710 muckonuToB (97+2%). T M3MEHEHUST TTPOCIEIN-
JIM, CPAaBHUBAsl COOTBETCTBYIOIINE M300PaKEHUSI 110
TOPU3OHTAIN (PUC. 3, TOKA3aHbBI CTPETKAMMT).

Ha puc. 3 mpusenerst ACM uzobpaskeHust KJie-
Tok Ha 19-e cyTtku xpanenns ansg 1 n 12 gacos pora-
1uu ipu Temmepatype t=37°C u 20°C.

[l aHamM3a HAHOCTPYKTYPHI CKAHUPOBATH
(bparment xaetku pazmepom 1,5X1,5 MKkM ¢ paspe-
mreaueM 1024X1024 touex na ckane ACM. Ha
puc. 4 a B popmare 3D mnokazana HaHOIIOBEPX-
HOCTB 9pUTpONHTA mocje 12 gacoB poTanuu npu
t=37°C. IloBepxXHOCTHh KJIETKU HE MMeJa TOTIOJIO-
TUYeCKUX e(EeKTOB, a BBICOTA ee TMePOXOBATOCTH
He TTpeBbInasa 3 HM. Ha moBepXHOCTH pUTPOTIUTA
nocse 12 wacos poramuu npu t=20°C Habaoxa-
JINCHh TOTOJIOTHYECKHE JeheKThl B BUE TOMEHOB.
XapakrepHbie paszmepbl gomenoB 120—200 uwm.
Tny6una morpyskenns: nomena 8—10 um. Kommye-
CTBO <«3€PeH» B 00JACTH JOMEHA COCTABJSIOT OT
4—5 710 HECKOJIBKUX JeCATKOB. TaKkume TOMeHbI BO3-
HUKAJIW TPAKTUIECKN HA BCEX KIETKAX 9PUTPOIU-
tapHoii B3Becu. [Togobublii addext Mbl HabMO1A-
JIV TIPY IEMCTBUYM TOKCUHOB Ha KPOBb.

19 of ES storage at temperature 20°C. The number of
echinocytes was 14+2% after a 1-hour rotation and
40+7% after a 12-hour rotation. The number of
spheroechinocytes was 74£2% after a 1-hour rota-
tion and 42£8% after a 12-hour rotation. At a tem-
perature of 37°C, after a 1-hour rotation, four forms
of erythrocytes were present in a monolayer: disco-
cytes, echinocytes, spheroechinocytes, and ovalo-
cytes. The distribution of cell forms changed after a
12-hour rotation, and the cells recovered their
shapes to discocytes (97+2%). These changes can be
traced by comparing the corresponding images hori-
zontally (Fig. 3, arrows).

Fig. 3 shows the AFM images of cells on the
19th day of storage after 1-hour and 12-hour rota-
tion at a temperature of t=37°C and 20°C.

Fig. 3 Images of native erythrocytes in the field
of the AFM on Day of storage. Flat 100X100 um
scans. a) ES after a 1-hour rotation at t=37°C; the
arrow points to the ES after a 12-hour rotation at
t=37°C; b) ES after a 1-hour rotation at t=20°C; the
arrow points to the ES after a 12-hour rotation at
t=20°C.

To analyze the nanostructures, a 1.5X1.5 pum
cell fragment was scanned with a resolution of
1024x1024 pixels in an AFM scan. Fig. 4 (a) demon-
strates a 3D image of the erythrocyte nanostructure
after a 12-hour rotation at t=37°C. The cell surface
had no topological defects and the roughness height
did not exceed 3 nm. Topological defects in the form
of domains were observed on the erythrocyte surface
after a 12-hour rotation at t=20°C. Typical sizes of
domains were 120—200 nm. The domain immersion
depth was 8—10 nm. The number of «grains» in the
domain ranges from 4—5 to several dozens. Such
domains appeared in practically all cells of the ery-
throcyte suspension. A similar effect was observed
during the effect of toxins on the blood.

Metabolic parameters did not depend on the
temperature during the ES storage. During the ES
storage the concentration of K* ions in the suspen-
sion increased. On the 5th day of storage, it was
2.7+0.1 mM, and by the end of the storage period it
increased to 17.1+£3.7 mM. The pH value decreased
from 7.1£0.08 in the beginning of the storage period
to 6.6+0.08 at to the end of it. The lactate concentra-
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Puc. 3. U300paskeHust HATUBHBIX PUTPOLUTOB B nojie ACM.

Fig. 3. Images of native erythrocytes in the field of the AFM.

Note. On Day 19 of ES storage. Flat 100X100 pm scans. a — ES after a 1-hour rotation at t=37°C; the arrow points to the ES after a 12-
hour rotation at t=37°C; b — ES after a 1-hour rotation at t=20°C; the arrow points to the ES after a 12-hour rotation at t=20°C.
IIpumeuanue. 19-e cytku xpanenns IB. Ckanbr 100X100 Mmxm B mtockom dopmare. a — B uepes 1 wac poranuu ipu t=37°C cTpeskoii
nokazana B — yepes 12 wacos porarmn npu t=37°C; b — 3B uepes 1 yac poranuu nipu t = 20°C crpesikoii mokazana DB yepes 12 yacos
poraruu 1ipu t=20°C.

Puc. 4. Hanonosepxuocts MemGpanbl apurpoiutos II nopsinka 8 popmare 3D B moae ACM na Bo3ayxe.

Fig. 4. 3D image of the nanosurface of second-order erythrocyte membranes in the AFM field in air.

Note. On Day 19 of ES storage. 100X100 pum scans. a — after a 12-hour rotation at t=37°C; b — after a 12-hour rotation at t=20°C.
Ipumeyvanue. 19-e cyrku xpanenust IB. Ckansr 100X100 Mmrm. a — uepes 12 wacos poraiuu nipu t=37°C; b — uepes 12 yacos poraiuu
mpu t=20°C.

IMokasatesn mMerabosmama mpu xpanernn DB | tion increased from 8+1.3 (the first day of the ES
He 3aBUCENH OT TeMrepatypbl. 1o mMepe xpatnenus | storage) up to 20+1.2. The glucose level decreased
9B nossimanack KoHIeHTparys noHoB KT B cycren- | from 27£2 on the first day of storage to 14.6+1.2.
sun. Ha 5 cytku xpatenust oHa cocrasisiia 2,7£0,1 | Other biochemical parameters were within normal
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mM, a K OKOHYaHWIO CPOKAa XpPaHEHWS YBEJTUYNBa-
gack 10 17,1+37 mM. [Tokazarens pH ymenbimascs
ot 7,1£0,08 BHavase xparenus 10 6,6+0,08 k KoHITY
cpoka xpaHenus. KoHileHTpanus Jaktata yBeJndn-
Basach ¢ 8+1,3 (mepBbIii feHb XpaHeruss IB) mo
20+1,2 mMmousb/m. Imokosa ymenbmanach ¢ 27+2
(mrepBbIii 1eHb Xpanenns) 1o 14,6+1,2 mmoun /1. Oc-
TaJIbHbIe OMOXUMITUYECKIE TTOKa3aTeI HAXOAUINCh B
npeziesiax HOPMbI. [IpousBoamin 1o 3 MU3MepeHwust
Uit Kask ol mpoos (p<0,05).

[lo BBejIeHUS B KPOBSTHOE PYCJIO HE TTOI0TPETOH
(20°C) 9B wJsieTKH KPOBU MOTJIN MEHSITH CBOIO MOP-
(osornro m HanocTpykTypy. [Ipnm atom psam dopm
KJIETOK (Takue Kak SXUHOIWTHI, C(hePOIXUHOIUTHI,
OBAJIOIUTHI ) M UBMEHEHUS X HAHOTIOBEPXHOCTH CTa-
HOBUJIMCH HeoOpatuMbiMu. [Tpu poTariiu B TeueHme
12 yacoB WX HAHOCTPYKTYpa U MOP(GOJIOTHS HE BO3-
Bpalajach B UCXOAHOE cocTosiHue (puc. 3, a).

[Tocsie poraiuu IB B Teuenue 12 yacoB mpu
temmeparype 37°C 6osiee 97% KIE€TOK BOCCTAHABJIH-
BaIoOT CBOIO (hOPMY 10 AUCKOTUTOB (puc. 3, b)

Bo3MoskHO, UTO M3MEHEHUS B IPUTPOIHTAX, A
TaK/Ke WM3MEHEHUs MeTabojim3Ma ¥ KHUCIOPOAHOTO
obecrieueHrst OpraHu3Ma OTBETCTBEHHBI 32 PA3BUTHE
MOCJIEONEPAITMOHHBIX OCJOXHEHUI Yy TaIMeHTOB,
UMEBITUX Ty WA WUHYIO CTENEHb W TPOIOJIKUTETh-
HOCTb HeNpeIHAMEePEHHOUW TUTIOTEPMUU B WHTPAO-
MEPIIMOHHOM TIEPUO/IE.

C nomotpio ACM mokasasu, 4To TIpu HarpeBa-
Huu 110 37°C Mopdodorust kieTok namensercs. Ko-
JINYECTBO DPUTPOIUTOB PasHbIX (opm (TOJUMOP-
(pm3m) ymMeHbITaeTcst MM TaKue KJIeTKU TTOJTHOCTHIO
TparchopMupyIoTcs B IUCKOUTHL. Ha moBepxHocTn
MeMOpaHbl 9PUTPOIMTOB TIPU HarpeBanuu OB 10
37°C romosormueckue AedeKTH OTCYTCTBYIOT. llo-
norpesatve kposu 10 37°C gBsieTcst HeOOXOUMbIM
METOJIOM [IJIsI CHVKEHUSI PUCKA BBEJCHUS M3MEHEH-
HBIX (hOPM HPUTPOIIUTOB JIJIST TATTUCHTA.

3akjaoyeHue

[Tonydenublie pe3yabTaThl TOKA3BIBAIOT BJIWSI-
HUE OXJaKIeHWS TTPU KOHCEPBUPOBAHWH HPUTPO-
IIUTOB Ha u3MeHeHue ux Gopwmbl. [losBisiercs
6OJIBIIIOE KOJTMYECTBO HXUHOIUTOB, CHEPOIXUHO-
IIUTOB ¥ JIp. BBISABIEHBI HAPYTIEHUS HAHOCTPYKTY-
pBI MeMOpaH 9PUTPOIIUTOB, MOSBJIECHUE TOTOJIOTH-
yecKUX JeheKTOB B BUJE JTOMEHOB. OITHU
U3MEHEHUST MOTYT OBITh NMPUYMHON HapyIIeHUs
KHCJOPOZO-TPAHCIIOPTHON (YHKIIMU SPUTPOIIU-
TOB W Pa3BUTHS TUMOKCUYECKUX HAPYIIEHUN B TIO-
cJieoTiepallioOHHOM Tepuose. BocctanoBienue
MOP(HOJTOTUIECKON CTPYKTYPHI 3aMOPOKEHHBIX
PUTPOIUTOB TTPOUCXOIUT METICHHO — B TeUEHUE

JlurepaTtypa

1. Mopos B.B., Hosodepackuna U.C., Aumowuna E.M., Ajpanacves A.B.,
Powrckos U.A., 3apaceyxui 10.B. Koppekimst MOHKUIONNUTO3a 1 GHO-
XUMUYECKUX TT0Ka3aTeseil KpoBH MpH 0cTpoil Kposonorepe. O6uas

limits. 3 measurements were performed for each sam-
ple (P<0.05).

When the unheated ES was transfused (20°C)
blood cells could alter their morphology and nanos-
tructure. At that, a number of forms (such as
echinocytes, spheroechinocytes, and ovalocytes) and
their nanosurface became irreversible. After a rota-
tion of 12 hours their nanostructure and morphology
did not return to their initial state (Fig. 3, a).

After a rotation of the ES for 12 hours at a tem-
perature of 37°C, the cells restore their shape to dis-
cocytes (over 97%) (Fig. 3, b)

It is possible that erythrocyte surface nanos-
tructure, as well as changes in metabolism and oxy-
gen provision of the body are responsible for the
development of postoperative complications in
patients who were exposed to some degree of unin-
tentional hypothermia in the intraoperative period.

Using AFS, we demonstrated that heating to
37°C changes the morphology of the cells. The num-
ber of different forms of erythrocytes (polymor-
phism) is reduced or such cells completely transform
into discocytes. There were no topological defects on
the erythrocyte menbrane surface of after ES heating
up to 37°C. Warming the blood up to 37°C is a nec-
essary technique to reduce the risk of injection of
modified forms of erythrocytes to the patient.

Conclusion

The obtained findings confirm the effect of cool-
ing during erythrocyte preservation. The shape of
erythrocytes was changed. A great number of
echinocytes, spherochinocytes, etc. appeared. Defects
of erythrocyte membrane nanostructure were detect-
ed, as well as the emergence of topological defects in
the form of domains. These changes may impair the
oxygen transport function of erythrocytes and cause
the development of hypoxic disorders in the postop-
erative period. The morphological structure of frozen
erythrocytes recovers slowly, within 12 hours. It
means that the transfusion of red blood cells whose
temperature is below 37°C may not be effective for at
least 12 hours and the transfusion medium should be
warmed to reduce the risk of transfusion of altered
forms of erythrocytes to the patients.

12 gacoB. ITo 03HAUAET, 9TO TPpaHC(hY3U IPUTPO-
IIUTOB, TeMIlepaTypa KOTOpbix HUxe 37°C, HE MO-
sKeT ObITh d(P(PEKTUBHON B TeueHue, 10 KpaitHei
Mepe, 12 wacos u Tpebyercst corpeBaHue TpaHcdy-
3UOHHO# cpe/bl, YTOObI YMEHBIIIUTh PUCK TPaHC-
(bysnm mpenapaTtoB KpoBH.
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