DOI:10.15360/1813-9779-2017-2-32-39
Injury, Blood Loss

Bausinue nepgropaHa Ha HAHOCTPYKTYPY MeMOpaH AUCKOIUTA
¥ CTOMATOIMTA MOCJIEe OCTPOl KPOBONOTEPH

B. B. Mopos', 1. C. HoBozep:xkuna', A. B. Adanacbes’,
10. B. 3apxenkunii', 1. A. Poukkos', E. K. Kosmosa'?, A. M. Yepnbirr'

' HUU ob6mieit peanmmarosoruu M. B. A. Herosckoro, @ HKII peannmatosiornu u peabuanTo 0T
Poccust, 10703, r. Mocksa, yar. [lerpoka, 1. 25, crp. 2
* Ilepsbiit MockoBckuil TocyapcTBeHHbIi MeunHckit yausepeurer uM. V. M. CeuenoBa Munspasa Poccun,
Poccust, 119991, r. Mocksa, yu. Tpy6erikas, 1. 8, ctp. 2

Effect of Perftoran on Membrane Nanostructure of Discocyte
and Stomatocyte after Acute Blood Loss

Victor V. Moroz', Irina S. Novoderzhkina', Alexander V. Afanasyev', Yury V. Zarzhetsky',
Ivan A. Ryzhkov', Elena K. Kozlova'?’, Alexander M. Chernysh"*

'V. A. Negovsky Research Institute of General Reanimatology,
Federal Research and Clinical Center of Intensive Care Medicine and Rehabilitology,
*1. M. Sechenov First Moscow State Medical University, Ministry of Health of Russia,
8 Trubetskaya Str., Build. 2, Moscow 119991, Russia

Ilenn paGoOTHI: OIEHUTD BAMsIHUE TIepHTOPAHA HA HAHOCTPYKTYPY MeMOPaH AUCKOIUTOB U CTOMATOIUTOR MO~
CJIe OCTPOIi KPOBOIIOTEPH.

Marepuassl 1 MeTopl. PaboTa BBITIOTHEHA Ha OeJTbIX Kpbicax-camiiax. HemOyTasm B 103e 25 MT/KT BBOINIIH
BHYTPUOPIOIINHHO. MOZIE/IbIO CITysKIIa OCTPast KPOBOIIOTEPS € MOCJIEAYOIIe TUIIoTeH3uell B TedeHue 60 MUH pu
yaepxanuu AJl Ha yposte 40 MM PT. CT. ¢ TIoCeAyoMIell pertdysueii BbiynieHHON Kpou. [Ipo6bl KPOBY 13 XBO-
CTOBOI apTepuu 6pajiu 10 KpoBOIOTepH U yepes 2 yaca mocie perndysun. Iepdropan (ITMD) B nose 3 Mur/Kr Mac-
Cbl TeJIa BBOJIMJIN BHYTPUAPTEPUAIBHO, Cpa3y Mocjie BO3MENeHns KPoBooTepr. KoHTpoJieM Cary:Kuiin ;KuBOTHbIE
6e3 Bezerust [IMD. C MoMoIbIo aTOMHOTO CHIIOBOTO MUKpOcKoma «Femtoscans uccieoBaim cTpykTypy MeMOpaH
APUTPOIUTA B MANA30HAX C PAa3HBIMU ITPOCTPAHCTBEHHBIMY MEPUOIAMU. BbijieieHue Mana3oHoB BhITIOJIHSIN C
HOMOIIBIO CHEKTpasibHbIX OKOH Dypbe-1peobpasoBanuil. [yt KasKA0ro CHEKTPAJIbHOTO OKHA 110 BbIIEICHHBIM
POMUIAM TTIOBEPXHOCTH MeMOpaHbl paccunThiBanuch nepuoasl (T) u soicotsr (h) mepoxoBaTocTeii TOBEPXHOCTH
APUTPOIUTA.

PesyabraTel. [[MCKOIMTBI M CTOMATOIUTBI B MCXOZHOM COCTOSIHUM MMEIOT PA3JInYHble CTPYKTYPHbIE XapaKTe-
PUCTHKH KJIETOYHOM MEMOPAHBI SPUTPOITUTA B TPOCTPaHCTBeHHOM aAnara3ore 600—1200 mv B Bue GOIbIIETO Te-
puojia KosieOaHUil y CTOMATOLUTOB 110 CPABHEHUIO C IMCKOIMTaMU. [UII0BO/IeMUS U TIOCIeyonIast penHdy3ust ay-
TOKPOBU OKa3bIBAIOT BO3/EIICTBUE HA JAHHBII [OKA3aTe/ib, YBEJIUYUBAs [IEPUOJ] IPOCTPAHCTBEHHBIX KOJIeOaHUI
KaK y INCKOIUTOB, TAK U y CTOMATOIIUTOB 110 CPABHEHUIO C HCXOIHBIM cocTosiieM. Beezere I1MD npusoaut k cy-
I[IECTBEHHOMY YMEHBIIIEHHIO [IEPUOJIA IIPOCTPAHCTBEHHBIX KOJIeOaHMil KI€TOYHON MeMOpaHbl KaK y JIMCKOIUTOB,
TaK U y CTOMATOIUTOB [0 CPABHEHUIO C 9PUTPOIUTAMU KIBOTHBIX, TEPEHECIITIX TUITOBOJIEMUIO U penHbysuio 6e3
BBenennst [1M, a Takke 110 CPABHEHUIO € BEJIMYMHAMU ITOTO MOKA3ATEJISI B UCXOHOM COCTOSTHUM.

3akmouenue. Besmunna nepuoza Kosebanuii 8 npoctpanctBennom ananaszone 600—1200 mm, oTpakaioniero
COCTOSTHUE JIMTIUHOTO OUCJIOS KIIETOUHO MeMOPaHbl SPUTPOIMTA, He CBsI3aHa ¢ TpaHchopMalueil JUCKOIUTa B
croMaTonuT. BeicKasaHO IPEIIOIOKEHUE O TOM, YTO YMEHbIIEHHE TIePHOo/ia KoieOaHuil B JAHHOM [IPOCTPAHCTBEH-
HOM Jrariazote 1pu Bozgeictsrin 11D conpsiKeHo ¢ yBeslnyeHreM ClIocOOHOCTH 3PUTPOIUTA K 1ehOPMUPOBAHUIO.

Knioueevte caosa: zunosoiemuss; penephysuoniviii nepuoo; nepomopar; Crmomamoyum; OUcKOyum; Hamocm-
PYKMYpPa memoparn spmpouumos

The purpose of the study: to evaluate the effect of Perftoran (PF) on the membrane nanostructure of disco-
cytes and stomatocytes after acute blood loss.

Materials and methods. The study was performed in white male rats. Nembutal was administered intraperi-
toneally at a dose of 25 mg/kg. The study model was as follows: acute blood loss followed by hypotension for 60
min with the BP maintained at the level of 40 mm Hg with subsequent reinfusion of lost blood. Blood samples were
collected from the tail artery before the blood loss and 2 hours after reinfusion. PF was administered intraarterial-
ly at a dose 3 ml/kg of body mass immediately after the blood loss replacement. Animals who did not receive
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Perftoran served as a reference group. The RBC membrane structure was studied using the Femtoscan atomic
force microscope at ranges with different spatial periods. The ranges were selected using the Fourier transform and
spectral windowing. Periods (T) and heights (h) of RBC surface corrugation were calculated for each spectral win-
dow according to the isolated profiles of the membrane surface.

Results. At a baseling; discocytes and stomatocytes exhibited different structural characteristics of RBC mem-
brane at a spatial range of 600—1200 nm in the form of a higher period of vibration of stomatocytes vs. discocytes.
Hypovolemia and subsequent reinfusion of autologous blood affected studied parameters by increasing the period
of spatial oscillation both in discocytes and stomatocytes as compared to the initial state. Administration of PF sig-
nificantly decreased the period of spatial oscillation of the cell membrane both in discocytes and stomatocytes as
compared to animal RBCs who underwent hypovolemia and reinfusion without PF administration and baseline
parameters.

Conclusion. The period of vibration within the range of 600-1200 nm reflecting the state of the bilayer of RBC
membrane is not related to the discocyte transformation into the stomatocyte. Data suggest that the PF-induced
shortage in vibration within this range was associated with the increased ability of a RBC to deform.

Key words: hypovolemia; reperfusion period; perftoran; stomatocyte; discocyte; nanostructure of RBC membrane
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Beenenue

W3BecTHO, 4TO OZAHUM U3 BaXKHBIX IIaTOI€HETH-
yeckux (pakTopoB HapylleHUs MUKPOLUPKYJIALUN
IIPY OCTPOI1 KPOBOIIOTEPU SIBJISIETCS U3MeHeHue KJle-
TOK KPacHOM KpoBH, TO ecTb MukpopeoJsoruu [1, 2].
Jst ocymecTsienns: oOMeHa Ha YPOBHE KallnJLIsipa
HeobOxozmMa siehopMaliiist 9THX KJIETOK, KOTOPast OIl-
pemesIIeTcs CoCTosTHIEM MX MeMOpar. 113 muorouric-
JIEHHBIX PAOOT TaKKe N3BECTHO, 4TO ep(TOpaH cro-
cOOCTBYET YJIydIIeHNI0 0OMEHA MEXK/y KallNIsIPOM
u TKaubio [3—5].

Henb uccnenoBanus: oleHUTh BiausHue nepd-
TOpaHa Ha HAHOCTPYKTYPY MeMOpaH IUCKOIUTOB 1
CTOMATOIIUTOB 110C]Ie OCTPOI KPOBOIIOTEPE.

Marepuan u MeTO/bI

Pabora Beimoarena Ha 20 HapKOTH3MPOBAHHBIX Oe-
JIBIX KpbIcax-caMifax Maccoit 250—350 rp. HemGyTan B 110-
3e 25 MI/KI' BBOAWJIM BHYTpUOpomuHHO. Moebio Tep-
MHUHAJIBHOTO COCTOSTHUSI CJIY>KIJIA OCTPast KPOBOIIOTEPSI C
rocJielytonieil rurnoTeH3ueil B tedenre 60 MUHYT 1pU
yaep:kanuu AJl na yposue 40 MM pr. cT. IKcDy3UIo Kpo-
BU NPOBOJIMJIN U3 XBOCTOBOW apTePUU C IPEBAPUTENb-
Hoii renapunusaiueii B 1o03e 50 ME/kr. [loce nepuona
TUTIOTEH3UHM OCYIIECTBISJIN PEeUHOY3UIO BBITYIIEHHOM
KpoBbio. [Ipo6bI KPOBU M3 XBOCTOBOI apTepun Opaiu 0
KpoBoOIIOTEpH U Yepes 2 yaca 1ocie penndysun. [epdro-
pan (ITM) B 103€e 3 MJI/KT Maccoii Tejia BBOAWIN BHYTPHU-
apTepuaibHO, CPa3y IOCJe BO3MEIEHUsS KPOBOMOTEPH.
Kourposiem caysxunu skuBoTHbie 6e3 Beegenus 11D.

Mopdonorndyecknii aHATNU3 dPUTPOIUTOB TTPOBOIH-
JIV B CYXUX Ma3Kax, B MOHOCJIOe, 6e3 OKPaliBaHusI, C UC-
oJb30BaHueM cBeToBoro Mukpockona Olimpus-BX-50.
[IuTomeTpuueckoe Mccae0BAHIE TPOBOMIIN TIPU TTOMO-
mu nporpamMmbl ImageScoupe npu yBesunuennu 1000
(100x10). [TopcunTeiBamu 1000 k1eTok Ha MA30K ¥ Ha OC-
HoBanmm kiaccupuranun Bessis M. [6] paccunTsiBamm
IIPOIIEHTHOE CO/lePKaHMe TMCKOIUTOB U CTOMATOIIMTOB.
OO6bIYHBIN BUJ CTOMATOIUTA — (GOPMA CIYLIEHHOTO MsT4a
C OJIHUM WJIU HECKOJIbKUMU yriyOuenusimu (ctomamu). B
3aBUCUMOCTH OT TIOJIOKEHUS B CYXOM Ma3Ke OHU MOTYT
BBITJISIICTh KAK OKPYTJIbIe KJIETKU ¢ GOJBIINM IIeJIeBU/-

Introduction

It is known that red blood cells (RBC) change
is an important factor in the pathogenesis of micro-
circulatory disturbances in acute blood loss [1, 2].
The RBC deformation is required for capillary
exchange, and it is determined by the state of the
membranes. Numerous studies have shown that
Perftoran contributes to improving the transcapil-
lary exchange between blood and tissue [3—5].

The purpose of the study: to evaluate the effect
of Perftoran on the membrane nanostructure of dis-
cocytes and stomatocytes after acute blood loss.

Materials and Methods

Experiments were carried out on 20 narcotized male
white rats weighing 250 g to 350 g. Nembutal was adminis-
tered by intraperitoneal injection at a dose of 25 mg/kg. As a
model of a critical state, we used acute blood loss followed by
hypotension within 60 minutes while keeping the blood pres-
sure at 40 mmHg. Blood was sampled from the tail artery
after pretreatment with heparin at a dose of 50 1U/kg. The
collected blood was reinfused after the period of hypoten-
sion. Blood samples were withdrawn from the tail artery
before blood loss and 2 hours after the reinfusion. Perftoran
(PF) was administered intraarterially at a dose of 3 ml/kg
body weight immediately after blood reinfusion. Animals
without PF administration served as a reference group.

A morphological analysis of RBCs in monolayer dried
unstained blood smear slides was performed using the
Olympus BX50 (Japan) light microscope. Cytometry was
carried out using the ImageScope software at a 1000 mag-
nification (10x100); 1000 cells were counted per smear.
Using the classification of Bessis M. [6], the percentage of
discocytes and stomatocytes was calculated. Stomatocyte
generally has a shape of deflated ball with one or more
recesses (stoma). Depending on the position in a dry smear
it may appear as a rounded cell with a large slit-like pellor
(top view), or as a <helmet» cell [7].

The images of fragments of RBC membrane surface
were obtained using an atomic force microscope (AFM)
(NTEGRA Prima, NT-MDT, Russia) and Femtoscan soft-
ware. Three orders of surfaces were determined: the struc-
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HBIM T13JI0POM (BUJ[ CBEPXY ), T1OO0 KaK «IJIEMOBUHbBIE>
KJIeTKH [7].

N3zo6paskenne (HparMeHTOB CTPYKTYPBI MOBEPXHOCTH
MeMOPAHBI HPUTPOIUTOB TOTYIATH C TIOMOIIBIO AaTOMHOTO
cusioBoro Mukpockorna (ACM) (NTEGRA Prima, NT-MDT,
Poccust) 1 mporpammioro obecriedenust «Femtoscan». Boi-
JIN BBIJIEJICHBI TTOBEPXHOCTU TPEX TIOPSIKOB: CTPYKTYPBI €
npoctpancTBenHbiMU Tiepuogamu 600—1200 um cootBeTcT-
BoBasn 1-My mopsiaky, ¢ mepuogamu 250—350 Hv — 2-My 110-
psiaky u ¢ meprogamu 50—250 um — 3-My TOpsizKy. Boimeme-
Hue mnoBepxHocTeill 1, 2 u 3 THOPSJAKOB BBITOJTHSIIN C
HOMOIIBIO ClIEKTPaIbHbIX OKOH Dypbe-1ipeobpasoBanuii [8].
BbI60p MUAIa30HOB OPENEISICS. U3BECTHBIMU B JIMTEPATY-
pe JIAHHBIME O pa3Mepe KoJieGaHuii JIMITHHOTO GUCIIOsT Kile-
TOYHOI MeMOpatbl apuTponuta (harkkepa) — 1-if opszIoK,
0 KOH(DUTYPAIMHU CTIEKTPUHA — 2-11 TIOPSIZIOK ¥ TPOTEMHOBBIX
Y3JI0B coestnHenus: — 3-it mopsiiok [9—11]. [lisg cratucruye-
CKOTO aHAJIN3A MCIIOJIb30BA/IH YCPEJHEHHbIE 3HAYEHHS TIepU-
Ola ¥ BBICOTBI KOJIEOAHUII 110 TPEM YYacTKaM MOBEPXHOCTH
OJTHOTO PUTPOIINTA.

Cratucrideckyio 06pabOTKY MAHHBIX TPOBOANIN B
nporpamme Statistica 7.0 /[J1s1 o1ieHKH J0CTOBEPHOCTH pas-
JINYMIL MeKLy TPyIIIaMu Ucob3oBaiu kpurepuii U Bui-
kokcoHa-MaHnHa-YuTHH. Pasianuns cuutaauch J10CToBep-
HBIMU TIpU ypoBHe 3HaunMoctn p<0,05. AHajusupyembie
BeJIMYUHBI TIpe/icTaBienbl B Bue: Me (25%; 75%).

PesyabraThl 1 00CyK/IEHHE

B rcxomHOM COCTOSTHUM TIPOTIEHTHOE COJlepKa-
HIE CTOMATOIUTOB B KPOBU cOCTaBUIO 4,0% (2; 4). Y
KPBIC KOHTPOJIBHOH I'PYNIIBI K 2 yacaM periepdy3non-
HOTO TIepro/Ia MTPOUBOIIJIO YBEJIUIEeHUE TPOIEHTHOTO
coJlepsKaHus B KPOBUM CTOMATOIMTOB 10 22,5% (20;
28) (p<0,01). Taxue e U3MeHeHUs1, HO GoJiee BbIpa-
JKEHHbIe, HabJIIOII Y JKUBOTHBIX ¢ BBeseHeM 1M,
B aToii rpymnie mpolieHTHOE cofiepKaHue CTOMAaTOI -
toB B KpoBu coctasuiio 90,0% (75; 92) (p<0,01 mpu
CpaBHEHUH C MCXOIOM U KOHTpoJieM) (puc. 1, 2).

B ucxXoMHOM COCTOSIHUM CTPYKTYPHBIE Pa3Jiv-
YUST TIOBEPXHOCTHU JMCKOIUTOB U CTOMATOIIUTOB IO
HCCJIeyeMbIM —MTapaMeTpaM  XapaKTepPU30BaJIUCh
Menblledl Besuuunoil T1 y AucKouUTOB 110 CpaBHe-
HUIO co croMaTtoruTamu (Tabu.). Takoe e pasiuuue
MEKIY AMCKOIUTaMK ¥ CTOMATOIMTaMU HaOJII01aIn
Y KPbIC KOHTPOJILHOI IPYTIITHI Yepe3 2 yaca BOCCTaHO-
BUTEJIHHOTO Tlepro/ia. BMecTte ¢ TeM, Kak IUCKOIUTHI,
TaK W CTOMATOIIUTBI JKUBOTHBIX IPYTIITBI KOHTPOJIS Ye-
pe3 2 yaca mocjie periepdysun XapakTepu30BaJCh
yBesmueHreM 3HadeHust T1 1Mo cpaBHEHUIO ¢ MCXO-
oM. Takum o6pasoM, 60-MUHYTHasT THITOTEH3US C
nocJsreytonieit perepdysneil B TeueHne 2 4acoB BOC-
CTAaHOBUTEJBHOTO TIEPUOJIA TIPUBOAMJIA K YBeJde-
HUIO TIPOIIEHTHOTO COJIEPKAaHUST CTOMATOIUTOB U K
U3MEHEHUIO CTPYKTYPHOH TOBEPXHOCTH KJIETOUHOM
MeMOpaHbI SPUTPOIMTOB B BUjE BospacTaHus T1 kak
Y IUCKOIIMTOB, TAK M Y CTOMATOITUTOB.

B rpymre ¢ BBenenunem 1D, B orsiume ot KOH-
TPOJIBHOI TPYIIIBI U ICXOIHOTO COCTOSTHUS, K 2 4acam
perepdy3MoHHOTO TIepuoia MEKIY JAUCKOIUTAMU U

tures with the spatial period of 600—1200 nm correspond-
ed to the surface of 15t order (T1), the period of 250—350
nm corresponded to the surface of 2nd order (T2), and the
period of 50—250 nm to the surface of 3rd order (T3).
Selection of the surfaces of 15t, 2nd and 3rd orders was per-
formed using appropriate spectral windows of Fourier
transform [8]. The choice of the spectral windows was
determined by data known from the literature regarding
the extent of fluctuations of RBC membrane lipid bilayer,
i.e. flickering (15t order), the configuration of spectrin
matrix (20 order) and protein junction sites (3¢ order)
[9—11]. The averaged values of the period and heights of
oscillations in three areas of one RBC membrane surface
were used for statistical analysis.

Statistical processing of the data was performed using
the Statistica 7.0 software. The significance of differences
between the groups was assessed by the Wilcoxon-Mann-
Whitney U test. The difference was considered statistical-
ly significant at P<0.05. The analyzed values are presented
as Me (25%; 75%).

Results and Discussion

At a baseline, the percentage of stomatocytes in
the blood was 4.0% (2; 4). In reference group the per-
centage of stomatocytes in the blood increased to
22.5% (20; 28) (P<0,01) 2 hours after reperfusion.
Similar and even more pronounced changes were
observed in the animals of the PF group. In this
group, the percentage of stomatocytes in the blood
was 90.0% (75; 92) (P<0.01) as compared to baseline
or reference group (Fig. 1, 2).

At a baseline, the structural differences in dis-
cocytes and stomatocytes membrane surface parame-
ters were characterized by lower value of T1 in dis-
cocytes compared to stomatocytes (Table). The same
difference between discocytes and stomatocytes
were observed in the reference group rats 2 hours
after reperfusion. At the same time, both discocytes
and stomatocytes in animals of the reference group
were characterized by increased value of T1 2 hours
after reperfusion vs. the baseline. Thus, a 60-minute
hypotension followed by reperfusion during the 2
hours of recovery period resulted in an increase in
the percentage of stomatocytes and changes in the
structure of the RBC membrane surface in the form
of T1 rise both in discocytes and stomatocytes.

Unlike the reference group and baseline values,
in the PF group there were no differences between
discocytes and stomatocytes for all investigated
parameters two hours after reperfusion (Fig. 3, 4).
The comparison of the reference group with the PF
group showed that T1 values both in the discocytes
and stomatocytes of the reference group rats were
greater than those in the corresponding forms of
RBCs in the PF group. At the same time, the h1 and
h2 values in the stomatocytes of reference group rats
were higher than those in the stomatocytes of the PF
group (Table), indicating an increase in corrugation
of stomatocytes 2 hours after reperfusion. It should
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Puc. 1. Mopdouoruyeckne u3aMeHeHHsI IPUTPOIMTOB Ha (pone
nepdropana u 6e3 Hero.

Fig. 1. Morphological changes in red blood cells on the back-
ground of perftoran administration and without it.

Notes. a — Baseline; b — 2 hours after reperfusion; ¢ — 2 hours
after reperfusion with perftoran administration; C — stomatocyte.
Ipumeuanue. a — vcxox; b — yepes 2 yaca 1ocJie penephysuu;
¢ — 4epes 2 yaca rocJie periepdysun 1 BBegeHns nepdropana; C —
CTOMATOIINT.

CTOMATOIMTAMU OTCYTCTBOBAJIM PA3JINYUS 110 BCEM
uccyeyeMbiM ToKazatessim (puc. 3, 4). CpaBHeHue
IPYIIIIBI KOHTPOJIsI U Tpyiibl ¢ BBesienneM 11D noka-
3a710, 4yTo 3HadeHus T1 KaK y IUCKOIUTOB, TaK 1 Y CTO-
MAaTOIUTOB KPBIC TPYIIBI KOHTPOJS GOJIbINE, YeM Y

Puc. 2. U306paxkenus auckonura (a) u cromaronura (b) B no-
e ACM B dpopmare 3D.

Fig. 2. Images of discocyte (a) and stomatocyte (b) in the field
of atomic force microscope in 3D.

also be noted that the values of T2 in discocytes and
T1 in stomatocytes of the animals after PF adminis-
tration were lower than the corresponding values in
rats at baseline. The results demonstrate the effect of
PF on the membrane structure of RBCs exposed to
hypoxia and subsequent reperfusion.

Thus, the results of this work showed: a) at a
baseline, the value of T1 in discocytes is less than
that in stomatocytes; b) hypoxic and subsequent
reperfusion exposure leads to alteration of RBC
membrane surface in the form of T1 increasing both
in discocytes and stomatocytes compared to the
baseline; ¢) PF administration in the early reperfu-
sion period has an effect on RBC membrane surface
reducing the value of T1 in stomatocytes and disco-
cytes as compared to the data acquired from the
baseline and the discocytes of a reference group.
However, hypovolemia and subsequent reperfusion
lead to an increase in the percentage of stomatocytes
in the blood.
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Puc. 3. HanoctpykTypa MeMOpanbl quckonura yepes 60 MunyT
[UNIOTEH3UH, /10 BBeleHus1 nepdropana.

Fig. 3. Membrane nanostructure of discocyte 60 minutes after
hypotension, before perftoran administration.

Note. a — the surface of 2nd order; b — the surface of 3t order.
IIpumeyanue. ¢ — BTOPOIl MOPSNOK; b — TPETHI MOPSIZIOK.

COOTBETCTBYIONUX (POPM IPUTPOIUTOB KUBOTHBIX C
seegenvem 1D, TIpu sTtom Beamuunnbt hl u h2 croma-
TOIKUTOB, CBUIETEIbCTBYOIIIE 00 YBEJTUUCHUH TIIEPO-
XOBaTOCTH CTOMATOIIUTOB K 2 4acaM perep(y3noHHO-
TO MEPUO/IA, Y KPBIC KOHTPOJBHON TPYTIIIBI BITIIE, YeM
y kpbic ¢ Beegerrem I[TMD (Tabu.). Criemyer Takke OT-
METUTD, 4yTO 3Hauenud T2 puckouuros u T1 cromaro-
IIUTOB JKUBOTHBIX TIocje BBemeHust 1M oxazanuch
MEHbIIIE, YeM COOTBETCTBYIOIINE BETUUYNHBI Y KPBIC B
HCXOJTHOM COCTOSTHUH. Pe3yJIbTaThl CBUIETENBCTBYIOT
o Biustnuu [1MD Ha cTPyKTYypy MOBEPXHOCTH IPUTPO-
IIUTOB, MOJIBEPKEHHBIX TMIIOKCUYECKOMY U TIOCTIE/LY-
fo1emMy periepdy3noHHOMY BO3/IEHCTBHIO.

Wrax, pesysbraThl HacTosiIeld paboThl MOKa3a-
JIM, 9TO: a) B UICXOJTHOM COCTOSTHUM Y TUCKOITUTOB Be-
smunra T1 MeHblIle, 4eM y CTOMATOIUTOB; 6) THITO-
KCcU4yeckoe W Tmocjeayioiiee pernepdy3noHHOe
BO3/ICHCTBYUE TTPUBOUT K U3MEHEHWIO TTIOBEPXHOCTH
KJIETOYHOI MeMOPaHbl 9PUTPOIMTOB B BU/E YBEJIH-
YeHWs mepuojia 1-ro mopsijika Kak y TUCKOITUTOB, TaK
Uy CTOMATOIIUTOB TIO CPABHEHUIO C UCXOIHBIM CO-

Puc. 4. HanoctpykTypa MeMOpaHbI IMCKOLMTA Yepes 2 yaca no-
cae penepdysuu u BBeaeHus nepdropana.

Fig. 4. Membrane nanostructure of discocyte 2 hours after
reperfusion and perftoran administration.

Note. a — the surface of 2nd order; b — the surface of 3rd order.
IIpumeuanue. a — BTOPOIi OPSANOK; b — TpeTuii MOPSIoK.

It is noteworthy, that stomatocyte membranes
in the reference group and the PF group were char-
acterized by opposite changes of T1 vs. the baseline
(Table). These results, as well as the lack of differ-
ences between discocytes and stomatocytes for all
investigated parameters in the PF group, allow to
conclude that the parameters of RBC membrane sur-
face investigated in the present study are not associ-
ated with changes in RBC shape, i.e. with the trans-
formation of discocyte into stomatocyte.

On the other hand, the differences between dis-
cocytes and stomatocytes in T1 values, which char-
acterize the state of lipid bilayer, allow to suggest
that changes in the lipid bilayer occur during the
transformation of discocyte into stomatocyte and
RBC exposure to hypovolemia and reperfusion.

We can assume that PF effect on the membrane
lipid bilayer is associated with increased NO oxida-
tion [12, 13], that reduces the rate of NO transport
into a RBC [14, 15] and the process of transforma-
tion of Fe2* into Fe3* [16, 17]. It is confirmed by a
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Tpasma n xpoBomoreps

Iepuoant (T, um) u BbicoThl (h, HM) MWEpoxoBaToCTEil KIeTOUHOI MeMOpanbl apurpouura [Me (25%; 75%)].

Periods (T, nm) and heights (h, nm) of RBC membrane corrugations [Me (25%; 75%)].

Stage RBC forms T1 T2 T3 hi h2 h3

of experiment

Baseline Discocytes 774.0 266.0 55.0 2.8 1.7 0.2
n=7 (751.0; 840.0)  (257.0; 304) (41.0; 74.0) (2.0;4.1) (0.9; 2.2) (0.1; 0.4)
Stomatocytes 894.5% 259.0 44.0 5.8 1.0 0.3
n=6 (817.0; 964.0)  (236.0; 276) (40.0; 52.0) (1.8;8.3) (0.7, 2.2) (0.1;0.7)

2 hours after Discocytes 904.5% 250.0 50.0 7.9 1.4 0.55

reinfusion, n=4 (855.0;989.0) (228.0;267.0)  (48.0; 52.0) (4.8;8.2) (1.1; 2.6) (0.15; 1.45)

reference group  Stomatocytes 1011.5%* 256.0 50.5 8.2 1.6 0.25
n=8 (966.5; 1043.0) (250.0; 264.0)  (44.0; 63.5) (6.8; 12.5) (1.1; 2.0) (0.2; 0.3)

2 hours after Discocytes 764.0%## 240.0## 49.0 1.6 1.1 0.4

reinfusion, n=>5 (752.0; 782.0)  (235.0; 253.0)  (41.0; 49.0) (1.4;2.1) (0.6; 2.0) (0.4; 0.5)

PF group Stomatocytes 797.0%##% 250.0 49.0 2.1%## 1.0%# 0.3
n=7 (742.0; 836.0) (235.0;282.0)  (39.0; 62.0) (1.4;3.7) (0.6; 1.5) (0.2, 0.5)

Note. T1, T2, T3 — the periods of 1st, 2nd and 3rd orders, respectively; h1, h2, h3 — the heights of 1st, 2nd and 3rd orders, respectively;
n — number of animals; * — P<0.05 vs. the corresponding value at the baseline; ## — P<0.05 vs. the corresponding value in the refer-
ence group; # — P<0.05 vs. the value of T1 of discocytes in the same group.
Ipumeuanue. Stage of experiment — sran nabsoaenus; Baseline — ucxoanoe cocrosiaue; 2 hours after reinfusion, reference group —
2 yaca nocJie perHdysuu, KonTpoabhas rpynmna; PF group — rpymmna ¢ BBegenneM nepdropana; RBC forms — ¢opma apurponnTos;
Discocytes — muckonuts; Stomatocytes — cromarorutsl. T1, T2, T3 — nepuogst 1, 2 u 3 nopsiaka coorsercrserno; hi, h2, h3 — soi-
coTbl 1, 2 1 3 OPSIZIKA COOTBETCTBEHHO; 72 — YHCJIO JKUBOTHBIX; * — p<0,035 110 CpaBHEHUIO C COOTBETCTBYIONINM TIOKa3aTeIeM B CXOJI-
HOM cocTostHum; ## — p<0,05 Mo cpaBHEHUIO ¢ COOTBETCTBYIOIINM TTOKa3aTeleM B KOHTPOJIbHOI rpyte; # — p<0,05 1m0 cpaBHEHHIO ¢

nokasareseM T1 AuCKOUTOB B TOII e TpyIe.

crostnuem; B) npumenenue [1MD B pannem penepdy-
3MOHHOM TIEPHO/Ie OKA3bIBAET BO3/ICHCTBUE HA IO-
BEPXHOCTh KJIETOYHOI MeMOpaHbl DPUTPOIUTA,
yMeHblnas 3Hadenns T1 y AUCKOIUTOB M CTOMATO-
IUTOB KaK 10 CPAaBHEHWIO € MCXOJIOM, TaK U MO CPaB-
HEHUIO C JUCKOIUTAMU SKUBOTHBIX KOHTPOJIHHOM
rpynmbl. [Ipu 9TOM rUMOBOIEMUS] W TTOCJIEYIOTIAS
periepdy3ust IPUBOJIAT K YBETUYEHUIO TIPOIIEHTHOTO
coJIepKaHUsT CTOMATOIIUTOB B KPOBU.

Oo6pariaer Ha cebst BHUMaHUE TO, YTO MOBEPX-
HOCTb CTOMATOITUTOB B IPYTITIE KOHTPOJISI U B TPYTITIE
¢ BBenenueM 1M xapakTepu3oBaiach pa3HOHATIPAB-
JIEHHOCTBIO n3MeHeHnit T1 oTHOCUTEIbHO MCXOHO-
ro cocTosiHus (Tabur.). DTH Pe3yJIbTaThl, a TAKKE OT-
CYTCTBYWE PA3JUUUH MEXKAY AUCKOIUTAMU W
CTOMATOIUTAMU TI0 BCEM UCCJIElyeMbIM MTapaMeTpam
B rpymre ¢ BBezenueM 1M, MO3BOISIOT c/esaTh 3a-
KJTIOYEHWE O TOM, UYTO PETUCTPUPYEMBIE B HACTOSIIEM
WCCTIE/IOBAHUN ITOKA3ATENN COCTOSHIS TTOBEPXHOCTH
KJIETOYHOI MeMOPaHBI SPUTPOIIUTA HE CBSA3AHBI C U3-
MeHeHueM (OPMBI APUTPOINTA: TpaHChOpMaIIeit
JIUCKOITUTA B CTOMATOIIUT.

C ipyroli CTOPOHBI, PA3IUYUS MEKITY TUCKOTIH-
TaMU ¥ CTOMATOIUTAMU B BEJIMUYMHAX TIEPUOIOB 1-TO
TTOPSIIKA, XapaKTePU3YIONIEeT0 COCTOSTHIE JIMTTH/HOTO
OUCIIOs, TIO3BOJISIET TIPETIONIOKITE, YTO MIPU TPAHC-
(hopmaru AMCKONUTA B CTOMATOITUT, BO3/IECTBUN
Ha 9PUTPOIUT TUTIOBOJIEMUN U periepdy3nun mpouc-
XOJISAT U3MEHEHUSI B JIMITHUIHOM OHCJIOE.

Moskno mosarath, uto Biwsiare [1D wa mumm-
HBII GUCJI0I MeMOpaHBI CBSI3aH C YCUJICHHEM OKHCIe-
nus NO [12, 13], B ¢BsA31 ¢ yeM yMeHblUIaeTcs HOCTYII-
sernie NO B aputporturt |14, 15], u mportecc nepexoza

decrease in the severity of anemia during PF admin-
istration [18].

Changes in the membrane lipid bilayer are like-
ly to lead to an improvement in the ability of cell
deformation; this fact has been supported by S.M.
Radaev's study [19]. It studied the ability of RBC to
pass through the cylindrical pores at a diameter com-
parable to the diameter of the capillary. This work
demonstrated that PF improved the RBC filterabili-
ty, despite the fact that the amount of stomatocytes in
patients after trauma and blood loss significantly
increased after PF administration. The literature data
cited above lead to the assumption that changes in T1
values in discocytes and stomatocytes during PF
administration found in this study are associated
with changes in the membrane lipid bilayer, which
increased the RBC deformability. PF prevents
changes typical for hypoxic exposure and reperfusion.

Conclusion

The study showed that at baseline discocytes
and stomatocytes possess different structural charac-
teristics of RBC membrane in the spatial period of
600—1200 nm in the form of a longer period of space
oscillations in stomatocytes vs. discocytes.
Hypovolemia followed by the reinfusion of autoblood
affects this parameter increasing the period of space
oscillations both in discocytes and stomatocytes vs.
the baseline. PF administration immediately after
autolblood reinfusion at a dose of 3 ml/kg body
weight leads to a significant reduction in the period of
RBC membrane space oscillations both in discocytes
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Fe2 B Fe3 [16, 17] O6 9TOM CBUIETETBCTBYET CHUKE-
HUe BeIpakeHHOCTH aneMuu ripu BBegenuu 11D [18].
M3MeHeHne JTUIHAAHOTO OKMCI0sT MeMOpaHbI, Be-
POSITHO, BEJIET K YJIYUIIECHUIO CIIOCOOHOCTH 9PUTPOILH-
TOB K jiepopMaliny, 4To HAXOAUT MOATBEPKICHNE B
pa6ore Pamaesa C.M. [19] o uccnenoBatuto crnocob-
HOCTH KJIETKH ITPOXOIUTH Uepes3 MUIUHIPIIECKIE TT0-
PBI, THAMETP KOTOPBIX COMOCTaBUM C JMAMETPOM Ka-
muLispa. Tak, B 910l pabore ObLI0 oKazaHo, yto I1MD
yJIydniaeT (OUIBTPYEMOCTb HPUTPOITUTOB, HECMOTPSI
Ha TO, YTO KOJIMYECTBO CTOMATOIIUTOB Y OOJIbHBIX, ITe-
PEHECITUX TPaBMy M KPOBOIOTEPIO, TIPU BBEICHUN
[1D 3naunTebHO yBETMIMBAIOCH. [ [prBeIeHHbIE BbI-
11e TAHHbIE JTUTEPATYPBI TIO3BOJISAIOT C/IEIATH MIPEITIO-
JIOJKEHWE O TOM, YTO YCTAaHOBJIEHHBIE B HACTOSIIEH pa-
6ore uameHeHust T1 JUCKOIMTOB W CTOMATOIIMTOB
npu BoszeiictBun 1M cBsi3aHbl ¢ U3MEHEHHEM JIU-
MIUTHOTO GUCJIOS KJIETKH, YTO CIIOCOOCTBYET yBeInde-
uuio ee gedopmupyemoctu. [1D mpexorsparaer us-
MEHEHUs, CBOMCTBEHHbIE TUIIOKCUYECKOMY W
perepdy3nOHHOMY BO3/IEHCTBUIO.

3akjaoyeHue

[IpoBesenHoe wucciepoBaHe I10KA3aja0, 4TO
JIUCKOIUTBI U CTOMATOLIMTBI B MCXOJ{HOM COCTOSIHUU
UMEIOT Pa3MyHble CTPYKTYPHbBIE XapaKTePUCTUKU
KJIETOUHOI MeMOpaHbl dPUTPOLUTA B IIPOCTPAHCT-
BenHoM auanasone 600—1200 uM B Buge 6OJIbIIErO
nepro/a KoebaHuil y CTOMATOIUTOB 10 CPAaBHEHUIO
C IUCKOIUTaMU. [UITOBOJIEMIS U TIOCTIEMYIOIIAS PEer-
HY3UsI ayTOKPOBU OKA3bIBAIOT BO3JEHCTBYE HA JlaH-
HBII TTOKa3aTesb, yBEJIUIWBAsT TIEPUOJ] TPOCTPAHCT-
BEHHBIX KOJEOAaHUH KaK y AMCKOIUTOB, TaK W Y
CTOMATOIUTOB 110 CPABHEHUIO C UCXOAHBIM COCTOSTHH-
em. Beenenne I1M B 103e 3 MJI/KT Macchl TeJia cpasy
nocJie pewH(py3Un ayTOKPOBU K 2 yacam penepdysu-
OHHOTO ITEPHOJIA MPUBOUT K CYNIECTBEHHOMY YMEHb-
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and at stomatocytes. This effect was observed not
only in comparison with the RBCs of animals who
underwent hypovolemia and blood reinfusion with-
out PF administration, but also in comparison with
the values of this parameter at the baseline.

The results allowed to conclude that the value
of the spatial period of oscillations in the range of
600—1200 nm reflecting the state of the lipid bilayer
of RBC membrane was not associated with the trans-
formation of discocyte into stomatocyte.

The literature data and findings of the present
study led to the assumption that the reduction of the
period of RBC membrane oscillations in the
described space range was associated with a change
in the lipid bilayer of the cell under the effect of PF,
thus improving the deformability of the cells.

HIEHUIO IIEPUOJA IIPOCTPAHCTBEHHBIX KoJeOaHuii
KJIETOYHOUH MeMOpaHbl KaK y JAUCKOIMTOB, TaK U Y
CTOMATOIUTOB HE TOJILKO T10 CPABHEHUIO C 9PUTPOILIH-
TaMU JKUBOTHBIX, TIEPEHECIIINX TUITOBOJIEMUIO 1 PENH-
dysuto 6e3 Beegerus [1M, HO U IO CPaBHEHUIO ¢ Be-
JIMYMHAMU 9TOTO ITOKA3aTe Il B MICXOIHOM COCTOSTHIN.

COBOKYITHOCTD PE3yJIbTaTOB TIO3BOJIMJIA Clie-
JIaTh 3aKJII0YEHUE O TOM, YTO BEJIMYNHA ITPOCTPAHCT-
BeHHOTO TTepuoza B auamnaszone 600—1200 um, otpa-
JKAIOIIETO COCTOAHNE JIUTTNHOTO OUCIOA KIeTOYHOM
MeMOpaHbl 9PUTPOLUTA, HE CBg3aHa ¢ TpaHchopMma-
[Mel JUCKOIMTA B CTOMATOI[UT.

[lanHble TUTEpaTyphl U PE3yJIbTaThl HACTOSIIE-
IO MCCJIe/IOBAHUS TTO3BOJIMJIN C/IEJIATh TIPEIII0I0Ke-
HHE O TOM, YTO YMEHbIIIECHHUE TIePUo/a KoJeGaHuil mo-
BEPXHOCTU KJIETOUHOU MeMOpaHbl 9PUTPOLUTOB B
JIAHHOM IIPOCTPAHCTBEHHOM JIMalla30He TIPU BO3/Ei-
crun 1M compsukeHbI ¢ M3MEHEHNEM JTUITHIHOTO
OUCITIOS KJIETKH, Y4TO CIIOCOOCTBYET YJIYUIIECHHUIO Je-
(hopMUpyeMOCTH KJIETOK.
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YYeHBIX CTelleHei.

»  Obwas peanumamonozus.

ITuccepranuy Ha COMCKaHHE YYEHOU CTENEHH JOKTOpa HayK 0e3 omyo.iu-
KOBaHHS OCHOBHBIX HAYYHBIX PE3yJIbTATOB B BeAYIIUX KypPHAJaX M U3JAAHUSIX,
nepevyeHb KOTOPbIX YTBep:KaeH Bpicuiell arrecTanimoHHON KomMuccueil, OyayT
OTKJIOHEHBI B cBsA3M ¢ HapymeHueM 1. 10 ITososxenus o nopsiake npucy:xaeHust

[Tepeuens xypuanoB BAK, usnasaemsix B Poccutiickoit Mexpepariuu 1o ciie-
mraabHocTh 14.01.20 «AHecTe3moI0THS 1 peaHUMAaTOIOT US>, B KOTOPBIX PEKOMEH-
Jyercst myOJIUKaIsl OCHOBHBIX PE3YJIBTaTOB JANCCEPTAIMI Ha COMCKaHKE YUeHOI
CTEeTIeH! IOKTOpa M KaHAUAaTa MEUITMHCKUX HAYK:

*  Anecmesuonoeus u peanumamonous;

OBPIIAA PEAHMMATOAOI'MA, 2017, 13; 2
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