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Ienp uccaenoBaHus: BISIBICHNE 3HAUNMBIX U3MEHEHWH 2JIEKTPOXUMIUECKUX CBONCTB T1J1a3MbI KPOBHU B TIPO-
1ecce KapaHTUHU3AIWH U TIIa3Mbl KPOBU JOHOPOB TIPU B3aMMO/IEICTBUN ¢ KADAaHTUHU30BAHHOH TIJIa3MO i vitro
ISl OTIEHKU BIMSIHUST TPAHCHY3UH B MOJIETTBHOM 9KCIIEPUMEHTE.

Marepuasst u MeToabl. [[nazmy kposu 20-1 IIPAKTUUECKH 3710POBBIX JOHOPOB-A00POBOJIBIEB KAPAHTUHUZHPO-
Basu B Tedenne 6-n mecsres npu -40°C. Morntopusr penoxc-notentinana (PII) kapanTHHN30BaHHOH NITA3MBI OCY -
IIECTBJISLIN HETIOCPEACTBEHHO B JIeHb 3abopa 6e3 3aMopakuBanus obpasiia, Ha 1, 3, 7, 14 -e cyTku, a 3aTeM 110
noctskennu 1, 1,5, 2, 3, 4, 5, 6-u mecses xpanenust. [Lnazmy KpoBu 15-U IPAKTUYECKHU 3/I0POBBIX JOHOPOB-106p0O-
BOJIBIIEB CMETUBAHNN B cCOOTHOTIEeHNT 1:1 ¢ Ty1a3Moil KpoBU, KapaHTUHU30BAHHON B TeUueHMe 6 MeCSIIEB in vitro 1
n3mepsan PII cmecn. Vsmepenns PII mpoBoanin Ha MIaTHHOBOM MUKPOATIEKTPOJIE.

Pesyabsratel. OGHAPYKUIIH, UTO B IIPOLecce KapaHTUHU3anuu pu reMieparype -40°C PII nutasmbt kposu B 70%
cJlydaeB cMeraeTcs B 06J1acTh 6oJiee TIoJI0KUTeIbHBIX 3HaUeHuiL. Jlokazain in vitro, uto obaBieHNUe K I1a3Me TIPaK-
TUYECKH 3I0POBBIX JIOHOPOB-A06POBOJIBLIEB KAPAHTMHU30BAHHOI 111a3Mbl B 13 13 15 ciryuaes (87%) Takike IpUBO-
JIAJIO K CMEIEeHnIo Besmanibl PIT KoHeyHoi cMecn B 061aCTh TTOIOKUTEIBHBIX 3HAYCHWI.

3akmouenne. C momorsio namepenrst PII kapaHTHHI30BaHHOI MTa3Mbl KPOBU OOHAPY /KU 3HAYNMbIE T3MEHE-
HUSI, KOTOPBIE CBU/IETEJILCTBYIOT O TIPOTEKAHUN B ILJTa3Me MTPEUMYIIECTBEHHO OKUCIUTENBHBIX MTPOIIECCOB. YUUTHIBAS
JTaHHbIE O TOM, UTO 3HaYnMoe cMmerrenne PII B masme KpoBr B 061aCTH TTOMOKUTETHHBIX 3HAYEHIIT aCCOITMIPOBAHO C
VXYAIEHUEM COCTOSTHUS TIAITEHTA, CAETATN BHIBOJ O HEOOXOMNMOCTH TIPOBEICHS IOTTIOMHUTETBHBIX KIMHITIECKITX
MCCJIEIOBAHU 110 TIPUMEHEHUIO KaPAHTUHU30BAHHOM TJTa3MbI C BBICOKUMH TIOJIOKUTETbHBIMU BeinarHamu PII.

Kmoueevie cnosa: pedokc-nomenyuai; naasma kposu; Kapanmunu3auust; aamuHoewlil I1eKmpood; mpancoysust;
oKucienue

The purpose of the study: to identify significant changes in the electrochemical properties of quarantine-stored
blood plasma and of donor blood plasma during its in vitro mixing with quarantined plasma in order to assess the
effect of transfusion of quarantine-stored plasma on recipient plasma in a model experiment.

Materials and methods. Blood plasma of 20 clinically healthy volunteer donors was quarantined for 6 months at -40°C.
Monitoring of the redox potential (RP) of the quarantined plasma was carried out directly on the day of sampling without
freezing the sample, and then on days 1, 3, 7 and 14, as well as after 1, 1.5, 2, 3, 4, 5 and 6 months of storage of frozen samples.
Each of 15 blood plasma samples donated by clinically healthy volunteers was mixed in vitro with blood plasma quarantined
for 6 months at a ratio 1:1, and the RP of the mixture was measured by a platinum microelectrode technique.

Results. It was found that during the storage of quarantined samples at a temperature of -40°C, the blood RP
shifted to more positive values in 70% of cases. Addition of the quarantined plasma to the plasma of practically
healthy volunteer donors also led to a shift in the final mixture RP to positive values in 13 of 15 cases (87%).

Conclusion. Significant changes in RP values have been found when measuring the RP of the quarantined blood
plasma, demonstrating predominantly oxidative processes in the plasma. Since significant shift of RP in blood plasma
to the positive values has been associated with the deterioration of the patient's state, we concluded that further
clinical studies on the use of quarantined plasma with high positive RP values are warranted.
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BBenenue

B mactosiiiiee Bpemst B KIMHUYECKON MTPAKTUKE
7S JIedeH U TTallieHTOB ¢ MAaCCUBHOM KpoBoIioTepeit
MIUPOKO MCIIOJIB3YIOT TPAHCHY3UIO TI1a3Mbl KPOBU.
Toabko B 2014 roxy B Poccun ObLIO 3ar0TOBJIEHO
JIOHOPCKO¥ 11a3Mbl 0k0Ji0 1 muts, siutpos [1]. [Tlnazma
N7t TpaHcy3un MoBEPraeTcs KapaHTUHU3AIUN B
teuenue 6 mecsiies pu tremieparype -40°C. [Tpunsito
CYUTATDh, YTO yKa3aHHBIE YCJIOBUSI XpaHeHUsT obec-
MEeYNBAIOT COXPAHHOCTH €€ CBOICTB, KOTOPBIE KOHTPO-
JIIPYIOT KOMILJIEKCOM JIaDOPaTOPHBIX METOLO0B [2—5].

O/Hako, HECMOTPS HA CJIOKHBI MHOTOTAITHBII
AHAJIN3 TIA3MBI JI0 U TIOCJIE TEPUOJIa KAaPAHTUHU3AIINN,
KIIMHUIUCTaM M3BECTHO, YTO BEPOATHOCTD PA3BUTUA
OCJIOXKHEHUN y TIAIMEHTa TOC]e TPAHCHY3UH MIa3MBbl
BCE JKe CyIIecTBYeT. B mccienoBaHusaX MPUBeIeHbI
MIPUMEPBI TAKUX OCJIOKHEHUI TTOCIe TPAHC(Y3UH TLIa3-
MbI, KaK MTHTOKCUKaIlnN HesICHOU 9TUOJIOTNU, HETEeMO-
JIUTHYECKIE PEAKIINH, CENICHIC, OCTPOE TOCTTPaHCcdY-
3uoHHoe ToBpexaenue Jerkux [3]. Ilockosbky
MPUYMHBI OCJOKHEHUN TPU TpaHcPy3un IIa3Mbl
JaCTO OCTAIOTCA HEACHBIMU, ITONCK AOIIOJTHUTE/IbHbBIX
TapaMeTpOB ONEHKH! ITPUTOAHOCTH I1JIa3Mbl IJIA TPAaHC-
(bysuu siBIISIETCST AKTYATTHHBIM.

B nocsiesitvie ropl poIoJKAET AKTHBHO PA3BH-
BaTbCSl DJIEKTPOXUMUYECKUIT METON H3MEePeHust
penoxkc-norernuana (PIT) B 6uosornyeckux cpejiax,
MPUMEHSIEMBI JIJIs1 OIEHKU COCTOSIHUS MAI[HEHTOB C
Pa3IMIHbIMU 3360JI€B3HI/IHMI/I 1 IPOTHO3MPOBAHUA X
ucxoza. I[Tepseie paboTsl 1o uamepennio PII B 61osio-
I'MYECKUX cpeax ObLIN IpoBeeHbl enle B 20-X rogax
XX Beka [ 6], omrako meton mamepenns PIT mocrosnno
cosepiercTByercs. Tak, Oblia paspaboTana METOIMKA
HPeBAPUTETHHON 00PAOOTKI U3MEPSIIOIIETO SJIEKTPO-
JIa HETIOCPE/ICTBEHHO MePe/l KAKIBIM U3MEPEHNEM B
Guosoruueckoii cpese [7]. crob3oBaHue aToii MeTo-
JIMKU TTO3BOJINJIO 3HAYUTEJIbHO ITOBBICUTH TOYHOCTD U
BOCITPOM3BO/INMOCTD Pe3yJIbTaTOB U3MEepPEHUT.

Bemunuuna PII oTpaskaeT cooTHOIIEHNE MEXLY
Ipo- n aHTHOKCH[[aHTHOfI AKTUBHOCTAMU BELIECTB B
cucreme. HeCMOTpH Ha TO, UTO 3TOT MapaMeTp ABJAECT-
csa HecrenuduueckM, OH HeceT WH(MOPMAIUIO O
COCTOAHUN OKNCJJINUTEJIbHO-BOCCTAHOBUTEJIIBHOTO
Gasmarca OMOJIOTUYECKUX CHCTEM, UYTO ITO3BOJISIET
UCIIOJIb30BATh €T0 B KAYECTBe AMATHOCTUYECKOTO U
MPOTHOCTUYECKOTO KPUTEPHST IPU JIEIEHUH IITUPOKOTO
psizta 3aboneBanuii. B wacraoctu, usmepenust PII, B
TOM YMCJIE €O MOHUTOPUHT, YCIIETITHO 3aPEKOMEH/10~
Bauiu celst JIUIST AUATHOCTUKU OCJIOKHEHWIT Y TIal[ieH-
TOB TIOCJIe TPAHCIJIAHTAIIUU TleueHn u nouku [8, 9],
6osnbHBIX ¢ HeliporpaBmoii [10—12], remopparuye-
ckuM 1mokoMm [13], couerannoit TtpaBmoin [14],
6omesupio Ilapkutcona [15], cocrositHueM Tmocie
nncysbra [16], oxxoros [17], a Takke /Ui OllEHKU
PE3YJIBTATOB HEKOTOPDLIX aKTUBHBIX METO/I0B JIEYEHU I,
Harpumep, runepbapuueckoil oxcurenaiuu [18],
mazmacdepesa [19]. Oxnako uccieroBanums Mo MOHU-
topunry PII xpansmeiicss mmasmbl U BIUSHUIO ee

Introduction

At present, plasma transfusion is widely used in
clinical practice to treat patients with massive blood
loss. In 2014 alone, about 1 million liters of donor
plasma were procured in Russia [1]. Plasma for trans-
fusion is quarantined for 6 months at a temperature of
-40°C. It is believed that these storage conditions en-
sure the safety of its properties, which are monitored
by a number of laboratory methods [2—5].

However, despite a complex multi-stage analy-
sis of plasma before and after the quarantine period,
clinicians know that complications after a plasma
transfusion still may develop. The studies give exam-
ples of such complications after plasma transfusion
as poisoning of unknown etiology, nonhemolytic re-
actions, sepsis, transfusion-related acute lung injury
[3]. Since causes of complications after plasma trans-
fusion are often unclear, the search for additional pa-
rameters to assess the suitability of plasma for
transfusion is still urgent.

The electrochemical method of measuring the
redox potential (RP) in biological media used to assess
the condition of patients with various diseases and
predict their outcome has been developing actively
over recent years. The first work on the RP measure-
ment in biological media was carried out back in the
1920s [6], but the RP measurement is constantly
being improved. For example, a method of pretreat-
ment of the measuring electrode directly before each
measurement in a biological media was developed [7].
The employment of this technique in clinical studies
has significantly improved the accuracy and repro-
ducibility of measurements.

The RP value reflects the ratio between pro —
and antioxidant activity of substances in the system.
Although this parameter is non-specific, it provides an
information on the state of the redox balance of bio-
logical systems, which allows it to be used as a diag-
nostic and prognostic criterion when considering
approaches to treatment of a wide range of diseases. In
particular, RP measurements, including its monitor-
ing, have been successfully used in the diagnosis of
complications in patients after liver and kidney trans-
plantation [8, 9], patients with neurotrauma [10—12],
hemorrhagic shock [13], multiple trauma [ 14], Parkin-
son’s disease [15], condition after stroke [16] and
burns [17], as well as for the evaluation of the results
of some active methods of treatment, for example, hy-
perbaric oxygen therapy [18] and plasmapheresis [19].
However, there are no data on the monitoring of the
stored plasma RP and the effect of its transfusion on
recipient’s plasma RP.

In general, the RP value of the sum of system
redox reactions may be calculated using the Nernst
equation [20]:

RP=E0+RT/HF ln (Zaox)/(zared)

where, RP — redox potential, V; E, — standard

electrode potential, V; R — universal gas constant,
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tpancdysun Ha Besmunny PII mrazmbr kpoBu peru-
MUEHTA B JINTEPATYPE OTCYTCTBYIOT.

B o61em coyuae Besmunna PIT cymmbl okncim-
TEJIbHO-BOCCTAHOBUTEJILHBIX PEAKIIUI CUCTEMbI MOXKET
ObITh PaccUYMTaHAa ¢ TOMOLIbIO ypaBHeHust Heprcra [20]:

PII=E +RT/nF In (Xa,,)/(Zarq)

rae, PII — penoxkc norennuan, B; E; — crangapt-
HBII JIeKTPOAHbBIN noTennmal, B; R — ynusepcasb-
Hag razoBad nocrosgHuad, 8,31 /Ix/(monbeK); T —
temreparypa, K; n — gucio anexrponos; F — uncio
Dapagnes, 96485,35 Ko monn; Ya, 1 Y a4 — cymma
AKTUBHOCTEI TIPO- M AHTUOKCHUAHTOB B CUCTEME.

B opranuame MOKHO BBIZIEJTUTh HECKOJIBKO OKUC-
JINTEIBHO-BOCCTAHOBUTEIBHBIX CUCTEM, HATIPUMED,
CyJIbMOTUIPUIbHbBIE CUCTEMBI (I[UCTENH, IIIyTATUOH ),
reMOTJIOOMH-OKCUTEMOTIOONH, TeMOTJIOOUH-MeTre-
MOTJIOOUH, HUTOXpOoM [6].

Cornacno IlIumnosy B. H. [21], PII npunazamne-
JKUT OIIPeIeJISTIONIasi POJib B IePEKJIIOUEeHNN CTPYK-
TYPHBIX [IPOIIECCOB peopranusanuu Tkanu. [lormnma-
Hue Biausuusi PII Ha mporeccsl, mpoTekaionue B
KJIETKE, KAK CTPYKTYPHOIl eMHUIIE OPraHU3Ma, JaeT
BO3MOKHOCTD YTJIyOUTh MOHUMAHUE [TPUPOJIHI MHOTHUX
JKU3HEHHO BAJKHBIX IIPOIIECCOB, IIPOTEKAIONIMX Ha
YPOBHE OPraHu3Ma.

OKuCIUTETBHBIE ITPOIIECCHI CMEIAIOT BETMYIHY
PII B 0671aCTh MOJIOKUTENBHBIX 3HAYEHUIH, TOT/IA KAK
IIPOIIECCHI BOCCTAHOBJIEHUSI — B OTPUIIATEIBHYTO, UTO
MbI 1 HAOJIIOIAJI paHee, TIPU YBEJIMYEHUN COEPIKa-
HUSI B CBIBOPOTKE KPOBH, COOTBETCTBEHHO, IIPOOKCH-
JIAHTOB MJIK aHTUOKcuaanToB [22]. UccaenoBanus
BesinunH PIT nta3zMer nareHToB ¢ YeperrHo-MO3roBoi
TpaBmoii [23] rmokasasu, 4TO BbICOKUE MOJIOKUTEh-
Hble BesnunHbl PII cooTBeTcTBOBANM HANIMYUIO Y
HAIMeHTa COCTOSIHUST OKUCIUTEIBHOTO CTPeCCa.

I[Tesb paboThl — BBIABJICHNE 3HAYUMBIX U3MEHE-
HUI 2JIeKTPOXUMUYECKUX CBOIICTB I1JIa3Mbl KDOBU B
IpoIlecce KAPAHTUHHU3AINHY U [17Ia3Mbl KPOBU JIOHOPOB
[IPU B3aUMOJIENICTBUY C KAPAHTUHI30BAHHOIM [171a3MOi
in vitro I ONEHKY BIAUSHUS TPaHCPY3UN B MOJIEb-
HOM 9KCIIEDUMEHTE.

MaTepI/IaJI N METO/1bl

WccenenoBanne 271eKTPOXMMUYECKUX CBOICTB IJIA3MbI
kposu ipoBoauau B HVUW CII nm. H. B. Ckiudocosckoro
(Mocksa). O6¢cnenoBaiu 35 06pasioB IJIa3Mbl KPOBU TIPAK-
THYECKU 3/I0POBBIX JIOHOPOB-ZI00POBOJIBIIEB, 3aTOTOBJIEHHOMN
Ha koncepsante [[DT. U3 obuiero uncmaa 20 o6pasios He-
[OCPE/ICTBEHHO TI0cJie 3a60pa ATMKBOTHPOBAIU Ha 12 1pob
1o 4,5 MJl B KpUOIPOOUPKM e€MKOCTbIo 5 Mu. O6pasiibl
NJTa3Mbl XPAHUJIM B YCJIOBUSX, IPUHSATHIX /TSI XPaHEHUS
na3Mbl ipu KapanTtuausanun (-40°C), B revenne 6 mecsi-
1eB. [TepBoe nsmepenue PII myia3mpl KpOBU IIPOBOJIVIIN He-
[OCPEZICTBEHHO B JIeHb 3a00pa (e3 3aMopakuBaHust 0Opasiia.
Xpansiimuecs: o6pasipl ucciaenosanu Ha 1, 3, 7, 14-e cyTku
u no poctkennu 1, 1,5, 2, 3, 4, 5, 6-u MecA1es, 11 4ero
POOUPKY ¢ POOOIT PA3MOPAIKUBAIIH, COTJIACHO YCIIOBUSIM,
OINMCAHHBIM B [3], a 3aTeM MPOM3BOIUIN N3MEPEHNE Be-
smranbl PIT pasMoposkeHHOro 0Opasiia miasMbl KpOBU MPH
temreparype 25°C.

8.31 J/(mol*K); T — temperature, K; n — number of
electrons; F — Faraday constant, 96485.35 K*mol;
Ya, and Ya,q — the sum of activities of pro — and an-
tioxidants in the system.

Several most studied redox systems in the body
include sulthydryl systems (cysteine, glutathione), he-
moglobin-oxyhemoglobin, hemoglobin-methemoglo-
bin, cytochrome [6].

According to Shilov [21], RP plays a decisive
role in switching of the structural processes of tissue
reorganization. Understanding of the effect of RP on
the processes occurring in a cell as a structural body
unit makes it possible to clarify the nature of many
vital processes occurring in the body.

Oxidative processes shift the RP value to posi-
tive values, while the recovery processes shift it to the
negative ones, as we observed earlier with an increase
in the content of pro-oxidants or antioxidants in the
blood serum, respectively [22]. Studies of plasma RP
values in patients with a traumatic brain injury [23]
showed that high positive RP values corresponded to
the oxidative stress.

The purpose of this study was to identify signif-
icant changes in the electrochemical properties of
blood fresh-frozen plasma samples during its quaran-
tine storage and of donor blood plasma during its in
vitro mixing with quarantined plasma in order to as-
sess the effect of transfusion in a model experiment.

Materials and Methods

Electrochemical properties of blood plasma were stud-
ied at the N.V. Sklifosovsky Research Institute of Emer-
gency Medicine (Moscow). 35 plasma samples donated by
clinically healthy volunteers and procured in the CFG were
studied. 20 samples were aliquoted to 12 samples of 4.5 ml
each in 5 ml cryotubes immediately after sampling. Plasma
samples were stored under conditions accepted for plasma
storage during quarantine (-40°C) for 6 months. The first
RP measurement of blood plasma was performed directly on
the day of sampling without freezing the sample. The stored
samples were examined on day 1, 3, 7, 14 and after 1, 1.5, 2,
3,4, 5, and 6 months; for this purpose, the test tube with a
sample was thawed according to the conditions described in
[3], and then the RP of the thawed blood plasma sample was
measured at a temperature of 25°C.

The remaining 15 samples were quarantined for 6
months and prepared for the transfusion. The samples were
mixed in vitro with blood plasma from almost healthy vol-
unteers at a ratio of 1:1, for the prediction of a possible effect
of plasma transfusion on the properties of fresh plasma.
Blood plasma for the model experiment was obtained from
whole blood collected by venipuncture into vacuum tubes
with lithium heparin as a preservative. The ratio in the mix-
ture was chosen based on the required transfusion volume
in massive blood loss.

In addition, the RBC suspension in the form of packed
red cells stored for 7 days at room temperature was exam-
ined in order to detect changes in RP in the suspension dur-
ing cell degradation.

Blood plasma RP was measured on a platinum micro-
electrode with an area of 3.3+102 cm?, and a silver chloride
electrode (3 M KCI) was used as a reference electrode. Po-

GENERAL REANIMATOLOGY, 2019, 15; 1

www.reanimatology.com



50

DOI:10.15360,/1813-9779-2019-1-47-53

Experimental Studies

|

Ocrasiimecst 15 06pasIoB IIa3Mbl 140
KPOBU SIBJISLINCH  KapPaHTUHU30BAHHON 0 | « The mminiesum and masimm valuc "
TITA3MO KPOBH (CPOK KAPAHTHHU3AIN — === Deaor 206
6 Mecs1IeB), TIO/ITOTOBIEHHOM JIJIST TPAHC- 100 | = - Donor Ne19 E
(ysun nanuentam. Vccereayembie 06- : e
pasipl  CMEMIMBAIM N 0itro B B0 ',"'
cootHomennn 1:1 ¢ mma3moil KpoBm s 1 F.
MPAKTHYECKH 3[0POBBIX JIOHOPOB-06PO- z = e
BOJIBLIEB, [IJIs1 TIPOIHO3MPOBAHUS BO3- g0 | T e g R b -4 F-"
MO’KHOTO BITVSTHHST TPAHC(HY3UH T1a3MBbl = | - |
Ha CBOWCTBA cBexeil miasmbl. [lmasmy '
KPOBH JI/IST MOJIEJTBHOTO 9KCIIEPUMEHTA ol — N, — ’
MOJTYYaJI U3 TIeJbHOI KPOBH, 3a0paH- o e x
HOM IIyTeM BEHOITYHKIINHU B BAKYYMHbIE 2 o e x
IPOGUPKHU € KOHCEPBAHTOM TeNapHHOM ah 000 e - s
sutust. COOTHOIIEHHE B CMECH BbI- % " i "
OpaHo U3 pacuera HeoOXOAUMOIO -60 x

N 0 1 3 7 14 30 45 60 90 120 150 180

obbema TpaHcdysuu Mpu MacCUBHOI Davs
KPOBOIIOTEPE.

JlomosHUTENbHO — 06CIeI0BATH
CYCIIEH3UIO 9PUTPOIIUTOB B BUJIE OPUT-
POIUTAPHOIN Macchl IPU XPaHEHNU B
TeyeHNe 7-U CYTOK MPU KOMHATHOM
TeMIlepaType ¢ IeJIbI0 BBISIBJICHUS N3-
menennti PII B cycriensun mipu gerpa-
JAITIH KJIETOK.

Namepenwne PII mmasmer kpoBu
MIPOBOJMJIN HA TJIATHHOBOM MHUKPO-
aJieKTposie Tiomaapio 3,3¢102 cm?,
xuopuacepebpsitbiii aexTpoa (3 M KCl) ucnosnbszosanu B
KkadecTBe anexTpozaa cpasHenus. [lorernmoctar [PC-Com-
pact (3AO «Kponacs, Poccust) ncnosb3osasnu 77151 usmepe-
nng sesmunnbl PII u 3anmcu 3aBucumoctn nsmenenust PII
oT BpeMeHH. [lepex Kask[bIM M3MepeHUEM IJIATHHOBBII
DJIEKTPO]L IOJIBEPTAIHU MTPEABAPUTENBHOI 06pabOTKE 10 OPH-
TUHATBHON MeToMKe [7].

Craructudeckyio 06paboTKy 9KCIEPUMEHTATBHBIX
TAHHBIX TIPOBOJWJIN C HCIOJIb30BAHUEM IPOTPAMMHOTO
obecmeuenms Statistica 6.0 (StatSoft). /las orenku mocTo-
BEPHOCTH PasImuuil usMenenns sesnanasl PII mocie cme-
HIEHUST ¢ KapaHTUHU30BAHHOW IIJIA3MOI HCIIOJIb30BAJH
U-xputepnit Manna—Yutau. CtaTucTudeckn 3HAUNMBIMU
cunrasnu pazyanaus npu p<0,05.

Pe3yibrarhl 1 00CyKA€HHE

Pesynsrarst monutopunra PII nma3mbl kpoBu B
mpolecce KapaHTUHU3AIUY TIPe/ICTaBUIIN Ha puc. 1.

Kak Buzno na puc. 1, Besmuuna PII mmasmbpr
KPOBH Ilepe/l XpaHEeHHeM HaXO/IMJIach B Ipe/ieiaX oT
-12 MB go +53 MB. Ormerum, 4TO TOJIy4YeHHBIE
BEJIMYMHBI 3aMETHO OTJIMYAIOTCS OT OIPEIEJIEHHOTO
HaMM paHee finanasona BesnynH PII 115 npaktudecku
3710poBbIX Jofeit (ot -56 no -11 MB) [8]. /lannoe
HaOJIofeHIe MOKET ObITh 00YCJIOBIEHO Pa3IndiieM
KOHCEPBAHTOB, HCII0JIb3yEeMbIX [P 3aTOTOBKE I1JIa3MBbl.
K xoHn11y cpoka kapaHTHHU3a1UK T171a3Mbl (6 MecsIieB)
pesimunnbl PIT Haxomauaucs B tnanasone ot -13 mB 1o
+101 MB. 13 20-u uccienoBaHHbIx 00Pas1oB ILJIa3MbI
KpoBu B 70% cirydaeB HaGJIIO[aJIi CMETIEHUE B 00IaCTh
GoJiee TOJIOKUTEIbHBIX BeInuuH (B cpeaHeM Ha 23,2
MB), B 25% ciyyaeB — cmelienre B 00mactb Gosiee
OTpUIIATENbHBIX BeJTMUnH (B cpesiHeM Ha -13,8 MB) u B
5% ciryyaeB — n3MeHeHU He 3a(DUKCUPOBAIH.

Puc. 1. I3amenenue PII mia3mel KpoBH BO BpeMsI ee XpaHEHHSI.

Fig. 1. Alterations of the blood plasma RP during storage.

Note. Data are presented as RP mean=o. Selected examples of the changes in blood plasma
RP measurements: donor Ne6, donor Ne9, donor Ne19.

Ipumevanue. /{151 puc. 1-3: RP, mV — PII, MB. [lna puc. 1, 2: days — nuu. /lanubie mpes-
crassienbl B Buge PIlcp+o; the minimum and maximum value — MuHuManbHOE M MaKCH-
MasibHOe 3HaYeHune. BeiGopounbie ipuMepsl quHaMukn uameperst PIT mia3Mbl KpoBu:
nonop Ne6, mornop Ne9, morop Ne19.

tentiostat [IPC-Compact (Kronas, Russia) was used to meas-
ure the RP value and record the time dependence of RP
changes. Before each measurement, the platinum electrode
was pretreated according to the original procedure [7].

Statistical processing of experimental data was per-
formed using Statistica 6.0 software (StatSoft). To assess the
significance of differences in the change in RP after mixing
with the quarantined plasma, the Mann—Whitney U-test
was used. Differences were considered as statistically signif-
icant at P<0.05.

Results and Discussion

Results of blood plasma RP monitoring during
quarantine are presented on fig. 1.

As seen in fig. 1, the blood plasma RP value be-
fore storage was within the range of -12 mV to + 53
mV. We should note that the obtained values differ
significantly from the previously defined range of RP
values for clinically healthy volunteers (from -56 to
-11 mV) [8]. This may be explained by the difference
in preservatives used in plasma procurement. By the
end of the plasma quarantine period (6 months), RP
values were within the range from -13 mV to +101 mV.
In 70% of the 20 studied blood plasma samples, there was
a shift to more positive values (on average by 23.2 mV);
in 25% of cases, there was a shift to more negative val-
ues (on average by 13.8 mV); and in 5% of cases, no
changes were recorded.

During the first 14 days, significant multidirec-
tional fluctuations in plasma RP values were observed
(fig. 1, dotted lines). Starting from the 2" month of
storage, changes in these values became predomi-
nantly unidirectional and shifted to more positive val-
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BKCHGPMMQHTHALHHG MCCACAOBAHMA

B reuenue nepBwix 14-u cyTOK OTMETUIIN 3HAYH-
TeJIbHbIEe pa3HOHAIPABJIEHHbIE KOJeOaHUA BEJIUYMH
PII nmmasmer kpoBu (puc. 1, MyHKTUPHBIE JTUHUM).
Hauunas co 2-ro Mecsiia XpaHeHusi, U3MEHEHUsI yKa-
3aHHBIX BEJUYUH CTAHOBUJIUCH MPEUMYIIECTBEHHO
OJIHOHATIPABJIECHHBIMU U CABUTAJIKMCH B 06J1aCTh GoJiee
MOJIOKUTETbHBIX 3HaUeHnii. MakcuMasbHas pa3Huiia
Mexay Benmunaamu P11 B Hauasie n KOHIE XpaHeHUsT
cocrasuiia 57 MB. D10 HabJ0IeHIIe CBUIETENbCTBYET
O TIPOTEKAHUH B IIJIa3Me B IIPOIecce KapaHTUHU3AIINH
MTPEUMYIIIECTBEHHO OKMCINUTETHHBIX TIPOIIECCOB.

[IpeanoIoKuIn, 4To HabII0aeMblil aHOMAIBHO
BBICOKUT JIMaIia30H TMOJIOKUTENbHBIX Beanunn PII
IJIa3Mbl KPOBHU IOCJIE KaPAaHTUHU3AIMKI MOKET ObITh
CBd3aH C OKHUCJIEHUEeM He TOJLKO OeJIKOB ILIa3MbI
KPOBH, HO 1 OCTATOYHBIX KOJINYECTB (POPMEHHBIX 3JIe-
MEHTOB, U3HAYAJIBHO COJIEPIKABIINXCS B JIOHOPCKOIA
1a3Me KpoBH (HaIrpuMep, B BUIE pa3pyleHHbIX KJle-
TOYHBIX MeMOpaH).

ITO TPEATIOTOKEHUE KOCBEHHO MOTBEPKIAIOT
naHuble 00 usMeperusx PII cycrieHsuu apuTpoLuTOB.
[Tokazasnu, 4TO IPU XpaHEHUN CYCTIEH3UN HPUTPOIIU-
TOB B TeueHUe 7-U CYyTOK ITPU KOMHATHOM TeMIiepary-
pe, Beanuunbl PII cMmemaoTcess B MOJTOKUTETHHYTO
obmacTh (puc. 2), To ecTh HAOIIOIAEMbBIE CMEIEHMS
CBUJIETETTBCTBYIOT O TPOTEKAHUU OKHCJIUTENbHBIX
MTPOIECCOB.

ConoctaBnenune BennuwH PII miasmber kpoBu
HoCJIe KapaHTUHU3auK ¢ 00acThbio Bemand PIT mas-
MBI KPOBU MPAKTUYECKHU 3/IOPOBBIX JIIOJIEH TTOKA3aI0,
YTO TepeJUBaHie OKWCJIEHHOW TIIa3Mbl TIAllUeHTY
MOJKET TpuBecTH K caBuram Besnuw PII mmaszmbr
KPOBH IAIIMeHTa B 00J1aCTh TOJOKUTEIbHBIX 3HAYCHUIA.

OrneHKy BaMSIHUS TpaHCHY3UNU KapaHTUHU30-
BanHO# na3mbl Ha PII nima3mbr kpoBW perunmenTa,
MIPOBEJIN i Vitr0 TIPU CMEIUBAHUN B COOTHOTIEHUN
1:1 paHHOIl IIA3MBI KPOBHU ¢ oOpasiaMy ILJIa3Mbl
KPOBU ITPaKTUYECKH 3JI0POBbIX 100POBOJIBIIEB.

Junarpammy PII kapanTWHMU30BaHHOW TIJIA3MbI
KPOBH, JIOHOPCKOI TIJTa3Mbl KDOBY U X CMECH TIPUBE-
JIA Ha puUC. 3.

Besmyuner PII mrazmbl kpoBU TOHOPOB B 11€J10M
HAXOAUJINCh B OOBIYHBIX IS 3/I0POBBIX JIIOZEH TIpeie-
Jax ot -53 MB 10 +13 MB, B T0 ke BpeMmst BeJTMYHbI
PII kapaHTUHU30BAHHOM MJIA3MbI KPOBU HAXOAMJINCh
B ipezieniax ot -10 MB 1o +93 MB. Tlocie cmerenms
IJIa3Mbl KPOBU JIOHOPOB ¢ 06pas3iiaMyl KapaHTUHI30-
BaHHOI 11a3Mbl KpoBu Besmyunbl PIT cmecn B 13 u3
15 ciy4aeB JOCTOBEPHO CMENIAICH B TIOJIOKUTEIb-
HYIO 00J1aCTh 3HAYEHUH OTHOCHTEIBHO HOHOPCKOMI
miazmbl kpoBu (p=0,000493). Pasznuna 3navenuii
nocturasia 43 mB.

[Tocae Tpanciianranun medenu [24, 25] u
mouku [26] B cirydyae ocsi0KHEHUH MTOCTTPAHCIIIIAHTA-
IIMOHHOTO TIEPUO/IA, BBIPAKATONIUXCS B TUCHYHKITNN
TPAHCIJIAHTATA, B TOM YHCJIe KPU3a OTTOPIKEHMUSI, MBI
Habmoganu cMmenienye Beaunurtbl PII miasmbl Kposu
naiuenTa 6oJiee ueM Ha 25 MB Kak B [10JI0/KUTEJIbHYIO,
TaK M B OTPHUIIATEIbHYIO 00/IaCTH IOTEHIIMAIOB. YKa-
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Puc. 2. U3menenne PII cycrieH3uu 3puTpOILMTOB NIPU XPaHEHHH
NpU KOMHATHOI Temmeparype.

Fig. 2. Changes in the RBC suspension RP during storage at a
room temperature.

ues. The maximum difference between RP values at
the beginning and end of storage was 57 mV. This ob-
servation indicates mainly oxidative processes occur-
ring in plasma during quarantine.

It was suggested that the abnormally high range
of positive RP values of blood plasma after quarantine
may be associated with the oxidation of not only
plasma proteins, but also the residual amounts of
blood corpuscles/microparticles originally contained
in donor blood plasma (for example, in the form of de-
stroyed cell membranes or exosomes).

This assumption is indirectly confirmed by data
on RP measurements of RBC suspension. It was
shown that during storage of the RBC suspension for
7 days at a room temperature, the RP values shifted
to the positive values (fig. 2), that is, the observed shift
indicated oxidative processes.

Comparison of RP values of blood plasma after
quarantine with RP values of blood plasma of practi-
cally healthy volunteers showed that transfusion of ox-
idized plasma to the patient’s one could lead to shifts of
RP values of patient's blood plasma to positive values.

The effect of transfusion of quarantined plasma
on the RP of the recipient's blood plasma was assessed
in vitro when this blood plasma was mixed with blood
plasma samples of clinically healthy volunteers at a
ratio of 1:1. The diagram of RP of quarantined blood
plasma, donor blood plasma and their mixtures are
presented in fig. 3.

In general, the RP values of donor blood plasma
were within the usual range for healthy people from -
53mV to + 13 mV, while the RP values of quarantined
blood plasma were within the range from -10 mV to
+93 mV. After mixing the donor blood plasma with
samples of the quarantined plasma, there was a statis-
tically significant shift in the final mixture RP to pos-
itive values in 13 of 15 cases (P=0.000493). The
difference of values has reached 43 mV.

After liver [24, 25] and kidney transplantation
[26], in the case of posttransplant complications in the
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Puc. 3. Inarpamma cmemenust PII nia3mMbpr KpoBH JOHOPOB NPH
TpaHcdy3uH IUIa3MbI TOCJIE KaPaHTUHUSALMH in Vilro.

Fig. 3. Diagram of shift of the donor blood plasma RP at in vitro
plasma transfusion after quarantine.

Note. 1 — donor plasma; 2 — plasma quarantined for 6 months;
3 — a mixture of donor plasma and quarantined plasma, 1:1. Sig-
nificance of differences between 1 and 3, P=0.000493.
IIpumeuanue. 1 — riazma JJOHOPOB; 2 — IJIa3Ma, KAPAHTHHU30BAH-
Hast B TedeHue 6-1 MeCSIEB; 3 — CMECh T1J1a3Mbl IOHOPOB U KapaH-
Tuan3oBanHoN mia3mbl 1:1. [JoctoBepnocts paszauuuit 1 m 3,
»=0,000493.

3aHHYIO BEJIMYUHY BHIOPAJIH B KAUECTBE MPOTHOCTHYE-
CKOTO KPUTEPHSl BBICOKOW BEPOATHOCTU DPA3BUTHSA
OCJIOKHEHUH Y UCCIeTOBAHHBIX TPYIII ITAIIMEHTOB.
Takum 06pasoM, MOKHO TIPEATONOKUTD, 4TO
Tpancdy3nd KapaHTUHU30BAHHOM T1J1a3Mbl C BBICOKH-
MU TI0JI0KUTeIbHBbIMU BesimunHamu PII mmeet Bbico-
KU PUCK BO3HUKHOBEHUS OTBETHON PEaKIIMU opra-
HU3MA, HAITPUMEP, Pa3BUTHS OKUCIUTETBHOTO CTpecca
WJTM BOCHAJIUTEIbHBIX TIPOIIECCOB. B ¢BA3M ¢ aTHM, /17151
OIICHKU BJIMSAHUS TIapaMeTPOB TpaHC)Y3MOHHOM
cpelbl HA OPraHM3M PENUITUEHTa, BeCbMa BaKHBIM
siBJIsieTcst Gosiee oPOOHOE UCCIIEIOBAHIE TTAIIMEHTOR
710 U TI0CJIe TIPOIEeLyPbl TpaHC(hY3UHN € BKIIOYEHUEM
JIOTIOJTHUTETbHBIX KIMHUYECKUX JIaHHbIX.

3akjaoyeHue

Monutopunr Besinuut PII myia3mbl KpoBU 10HO-
POB B IIpoliecce ee KapaHTUHU3AIMY TP TeMIepaType
-40°C nosBosns 06HapyKUTh, 4T0 B 70% ciyuaeB
uMmeno mecto cMeienue BeanuuHbl PII mmasmb
KPOBH B 06J1aCTh G0JIee TOJIOKUTETbHBIX 3HAUCHUH.
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form of a graft dysfunction, including rejection crisis,
we observed a shift in the RP value of patient's blood
plasma by more than 25 mV to both positive and neg-
ative potential areas. This value was chosen as a prog-
nostic criterion for the high probability of
complications in the studied groups of patients.

Therefore, it can be assumed that the transfu-
sions of quarantined plasma with high positive RP val-
ues possess high risk of causing a body response, for
example, the developing the oxidative stress or inflam-
matory reactions. In this regard, to assess the effect of
transfusion media parameters on the recipient's body,
more detailed studies of plasma RP before and after
the transfusion procedure with the inclusion of addi-
tional clinical data are warrented.

Conclusion

Monitoring of the donor blood plasma RP values
during quarantine at a temperature of -40°C demon-
strated that in 70% of cases there was a shift in blood
plasma RP values to more positive values. The in vitro
addition of the quarantined plasma to the plasma of
clinically healthy volunteer donors also led to a shift
in the final mixture RP to positive values in 87% of
cases.

Taking into account the data that the significant
shift of RP in blood plasma to the positive values is as-
sociated with the deterioration of the patient's state,
we concluded that it is necessary to conduct further
clinical studies on the use of quarantined plasma with
high positive values of RP.

JloGaBienue K 1jiasMe IPakTUYeCKU 30POBbIX JOHO-
POB—00POBOJIbIEB KapaHTUHU30BAHHOI 11J1a3Mbl B
87% cirydaeB Takske TIPUBOAMIIO K CMETIIEHHUTO BEJTIUH-
HbI PEJOKC-TIOTEHIMAIa KOHEYHOH cMecH B 00J1acTh
60J1e€ TTIOJIOKUTENBHBIX 3HAYEHUH i1 Vitr0.

YuurtsiBast JaHHBIE O TOM, UTO 3HAYMMOE CMe-
mienrie PIT B riasme KpoBu B 00J1aCTh OJOKUTENb-
HBIX 3HAYEHWN acCOMUUPOBAHO C YXYyAIEHUEM
COCTOSTHMSA TAIINEHTa, CAEIaIN BBIBOJ, O HEOOXO1H-
MOCTU TIPOBEJE€HUS JOMOJHUTEJTbHBIX KINHUYE-
CKUX UCCJE0OBAHUHN 11O MPUMEHEHNIO KapaHTUHU-
30BaHHOM I1JIa3MbI C BBICOKMMHU ITOJIOKUTETbHBIMUI
BeanuunHamu PII.
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