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LIPID PEROXIDATION MARKER LEVELS AND BASIC
LABORATORY HEALTH INDICATORS OF BLOOD DONORS
DURING WARTIME: POSSIBLE CONSEQUENCES FOR
PRESERVED PACKED RED BLOOD CELLS QUALITY

Introduction. During storage at a moderately low-temperature, a
preserved packed red blood cells (PRBCs) undergo metabolic and
morphological changes commonly known as "storage lesion” or in vitro
aging. Such changes inevitably increase during the permitted storage
period, which is usually 21-42 days. But the degree and speed of their
development in each individual preserved PRBCs unit is largely related to
the special donor characteristics. The initial level of pro-oxidant process
activities in the donor's body at the blood donation time can be an important
starting point for the further kinetics of pathological changes since oxidative
reaction activations are considered one of the main pathophysiological
erythrocyte aging pathways. In particular, intense peroxidation of lipids as
the main structural components of cell membranes causes significant
changes with a usually negative impact on the dynamics and quality of cell
physiological processes, and the induction of apoptosis and necrosis.

Numerous oxidative stress causes with adverse health consequences,
such as acute and chronic psychological stress, significant physical
exertion, work in adverse environmental conditions (air temperature, smog,
altitude), etc., are known today. So, the danger of the spread of the
conditions described above, which are frequent during the war period, both
among the military and the civilian population, can significantly affect
public health in Ukraine as a whole with an indirect negative impact on
blood donation. Therefore, the activity levels of lipoperoxidation processes
in the donor's body, along with other blood indicators that characterize the
functional state of the main organs and systems, are critically important for
the preservation of the blood components provided by this donor, in
particular PRBCs.
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The work aimed to study individual laboratory indicators of the donors'
health during wartime. A number of tasks to be performed were set, namely:
to investigate the lipoperoxidation activity in venous blood, as well as the
liver functional state, iron metabolism, indicators of a general blood
analysis; to compare the data obtained in the studied group of wartime
donors with the corresponding indicators obtained from archival data in the
group of peacetime donors.

Materials and Methods. General blood analysis, protein metabolism,
liver functional state, iron metabolism, and venous blood lipid peroxidation
activity level were studied in donors. The research group included wartime
donors of the Kharkiv region (2023 donations), whose activity types were
military, civilian, and critical infrastructure. Archival data on donations
from the pre-war period 2007 (I) were considered a comparison group (II).
Statistical processing and data analysis were performed using
STATISTICA 10 (StatSoft, USA). Since the distribution of the trait was not
normal, the non-parametric Mann-Whitney U test was used to assess the
differences between the two independent groups. Differences between the
results were considered significant at p-value <0.05.

Results. It was established that the pro-oxidant activity indicators in the
wartime blood donors significantly exceeded the control group indicators.
This was evidenced by the data on the content of the entire range of lipid
peroxidation molecular products, where the data excess of the experimental
group compared to the control group ranged from 1.7 to 17.7 times. Thus,
the levels of substrates and molecular peroxidation products of lipids
extracted to the heptane phase (neutral lipids) were, in according to the
groups and the investigated indicators: for substrates (isolated double bonds
(IDB)) - Me (1) =2.40 (2.07; 3.35) U/ml vs Me (1) = 0.47 (0.19; 1.41) U/ml,
p = 0.000001; for intermediate products such as dienic (DC), trienic (TC)
and oxodienic conjugates (ODC) - Me (I) = 1.84 (2.07; 2.78) U/ml vs Me
(11) =0.10 (0.29; 0.91) U/ml, p = 0.000001; Me (I) = 0.56 (0.46; 0.82) U/ml
vs Me (1) =0.16 (0.13; 0.26) U/ml, p = 0.000001; Me (1) = 0.55 (0.44; 0.82)
U/ml vs Me (I1) =0.15 (0.11; 0.25) U/ml, p = 0.000001; and for the Schiff
bases type end products (ShB) - Me (1) = 0.15 (0.10; 0.28) U/ml vs Me (I1)
= 0.02 (0.02; 0.04) U/ml, p = 0.000001. Phospholipid peroxidation
products, determined in the lipid extract isopropanol phase, also had
significant intergroup differences, namely: according to the IDB
concentration - Me (I) = 4.39 (3.89; 4.87) U/ml vs Me (Il) = 1.63 (1.21;
1.92) U/ml, p = 0.000001; for the DC, TC, and ODC concentrations,
respectively, - Me (1) =2.07 (1.72; 2.62) U/ml vs Me (1) = 0.91 (0.65; 1.09)
U/ ml, p = 0.000001; Me (I) = 1.09 (0.91; 1.36) U/ml vs Me (II) = 0.65
(0.48; 0.77) U/ml, p = 0.000001; Me (I) = 1.05 (0.86; 1.45) U/ml vs Me (I1)
=0.50 (0.42; 0.61) U/ml, p = 0.000001; and for the ShB concentration - Me
() = 0.26 (0.14; 0.43) U/ml vs Me (1) = 0.13 (0.08; 0.16) U/ml, p =
0.000001. The data of the general blood analysis, protein metabolism,
functional state of the liver, and iron metabolism were within the reference
values.

The significant role of oxidative stress in PRBC aging during cold
storage, accompanied by a substantial deterioration of their transfusion
efficiency, confirmed by many studies, confirms the importance of the
demonstrated results and the continuation of work in the chosen direction.

Conclusions. The revealed features of the pro-oxidant activity of blood
donors can influence the stability of their erythrocytes to standard long-term
storage conditions at a temperature of 4-6 °C. Further research in the
direction of analyzing the relationships between oxidative stress markers,
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in particular the lipoperoxidation activity, as special parameters of the
donor, as well as substantiating the feasibility of considering these and other
additional donor factors of the rate of erythrocyte aging development during
storage are promising from the point of view of finding ways to improve
the blood component quality.

Keywords: blood donors, lipid peroxidation, public health, packed red
blood cells, quality, oxidative stress markers.
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PIBHI MAPKEPIB JINIONEPOKCHJIAIIII TA OCHOBHI
JIABOPATOPHI ITIOKA3HUKH 310POB’SI ¥ JOHOPIB KPOBI
Ml YAC BIHHH: MOXJMBI HACJIUIKH JJISA SIKOCTI
KOHCEPBOBAHUMX EPUTPOLIUTIB

Beryn. Ilix gac 30epiranHs B yMOBaxX HMOHIDKEHOI TeMmepatypu (4—
6 °C) koucepBoBani eputporutd (KE) 3a3HaroTh MeTa0ONiYHHMX Ta
MOpP(}OJIOTiUHUX 3MiH, L0 MalOTh 3arajibHi O3HAaKM IICYyBaHHs, abo Tak
3BaHOTO «CTapiHHs» N Vitro. Taki 3MiHM HEBIABOPOTHO 3POCTAIOTh
YIIPOJIOBK YCHOT'O TEPMiHY 30€piraHHs, 1110 CTaHAapTHO ckianae Bia 21 1o
42 ni6. Ilpu upOMy CTYNiHb Ta IIBHIKICTH IX HApOIIyBaHHS y KOXHIH
okpemiii 30epexkeniit omuaHuIl KE 3HA4HOIO MIpOIO 3aJIeKUTH Bill
0cOONMBUX XapaKTEPUCTHUK JoHOpa. OCKUIBKM OJHMM 3 OCHOBHHX
1maTo]i3i0OTIYHIX NULIXIB CTAPIHHS SPUTPOLUTIB BBAXKAIOTH aKTHBALIIIO
OKHCITIOBAJIBHHUX PEaKIliid, BUXIIHUH PIBCHb aKTUBHOCTI IIPOOKCUIAHTHHX
NPOIECiB Yy JOHOpa HAa MOMEHT KpOBOAadli MOXKe OyTH BaXKIIMBOIO
BI/INPaBHOIO TOYKOO JUISl MOJAJIbIIOI KIHETUKH PO3BUTKY MAaTOJOTIYHHUX
3MiH. 30KpeMa, IHTCHCHBHA MEPOKCHIAIS JIIMIAiB, 10 € OCHOBHUMH
CTPYKTYPHUMH CKJIaJOBUMH KIITHHHHX MeMOpaH, CIPHYMHIOE Baromi
3MiHM i3 3a3BMYaii HEraTHMBHMM BIUIMBOM HAa JMHAMIKy Ta SKICTh
KITITHHHHUX (Di310JIOTTYHMX IIPOIIECIB, a TAKOXK IHAYKIIEI aromnTosy i
HEKpPO3y.

Huni BigoMi YHCTICHH] IPUYAHT PO3BUTKY OKHCITIOBAIBHOTO CTPECY 3
HECHPUATIMBAMH HAacHiJKaMH JUI1 370pOB’s, Taki sIK TOCTpHH Ta
XPOHIYHUH MICUXOJIOTIYHUH CTpec, 3HaUHI (Pi3H9IHI HaBaHTaXEHHs, poOOTa
B HECNPHATIMBUX YMOBaxX HABKOJIMIIHBOIO CEPENOBHUINA (TeMIepaTypa
MOBITPS, 3aIUMIIEHICTD, BUCOTHICTB) TOIIIO. Hebesmneka
PO3MOBCIOPKEHOCTI 0XapaKTePU30BaHHUX BHILE CTaHIB, IO € YaCTHUMH Y
BOEHHUI TMepioN, sSK cepell BIMCHKOBHX, Tak 1 cepel IHBUILHOTO
HACeJNIeHHsl, 3HaYHMM YHMHOM MOJXKE BiJIOOpaKaTHUCh HAa TPOMAJCHKOMY
30pOB’i B mijloMy B YKpaiHi 3 olmocepeIkOBaHUM HETAaTMBHUM BILTUBOM
Ha JIOHOPCTBO KpoBi. OTKe, piBHI aKTHBHOCTI IPOLIECIB JIMONIEPOKCHAALTIT
B OpraHiaMi JIOHOpa, MOpsJ 3 IHIIMMM TIOKa3HUKAaMH KpOBi, IO
XapaKTepHU3yloTh (DYHKI[IOHAIBHUM CTaH OCHOBHHMX OpIaHIB Ta CHCTEM,
NOTPEOYIOTh PETENFHOTO BHBUCHHS, OCKUIBKM € BaXKIMBUMH JUIS
MO/AIIBINOI 30€pEeKEHOCTI HaJJaHUX UM JJOHOPOM KOMITOHEHTIB KpOBI,
30kpema KE.

Mertoro pobotu Oymo JOCHIKEHHS OKpeMuX J1abopaTopHHX
TTOKAa3HUKIB 3710pPOB’sI IOHOPIB KPOBi y BOEHHMH 4ac. JIJist 1i TOCATHEHHS
Oynu TOCTaBJIEHI HACTYIHI 3aBIaHHS: -IOCIIJUTH aKTUBHICTh MPOIIECIB
JimonepoKkcuanii y BEHO3HIM KpOBi, a TaKoX (YHKIOHAJIBHUN CTaH
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MeYiHKW, MeTaboi3M 3aii3a, MOKA3HUKU 3arajbHOr0 aHali3y KpOBi; -
MOPIBHATH OTPUMAaHI JaHi y IOCTI/UKYBaHIM TIpymi JOHOPIB BOEHHOTO
mepiogy 3 BIANOBITHUMH ITOKa3HHKaMH, OTPUMAaHHMH 32 apXiBHAMU
JAHUMH Y TPy JOHOPiB MHUPHOTO Jacy.

Marepianu i Meroan. Y IOHOPIB AOCTIMKEHO 3arajlbHHUM aHANi3
KpOBIi, OITKOBUI 0OMiH, ()YHKIIOHAIIFHUN CTaH IEYiHKH, a TAKOXK PiBEHDb
AKTHBHOCTI MPOIIECIB JIIMONEPOKCUAAIIT B BEHO3HIHN KpoBi. Jo mociimHoi
TpynH YBIMIIUIH JOHOPH XapKiBCHKOTO perioHy BoeHHoro yacy (I -moHarii
2023 poky), Wm0 3a POJOM JiSUTLHOCTI BIHOCHIUCH JIO BIHICHKOBHX,
LUBUTPHUX Ta POOITHUKIB KpUTHYHOI iHQpacTpykTypu. I'pymoro
TOPIBHSIHHS CITyTYBaJIM apXiBHI AaHi noBoexHoro nepiony (II - mownarmii
2007 poky). CratucTraHy OOpOOKYy Ta aHami3 JAaHUX IPOBOIWIH 3a
nmoromororo mporpamuoro 3abesnmeuenHs STATISTICA 10 (StatSoft,
CIHA). OckimbKa po3MOniT 03HAKH He OyB HOpMAlbHHUM, IUIA OIHKH
BIIMIHHOCTEHI MK JBOMa HE3aJC)KHAMH TPYHaMH BUKOPHUCTOBYBAIN
Hemapamerpuaanii  U-kpurepiti  ManHa-YitHi. BimMmiaHOCTI  MiX
pe3yibTaTaMy BBa)XKaJIUCs IOCTOBIPHUMHU TP p-3HavyeHHi <0,05.

PesyabTaTH. BCTaHOBIGHO, 110 IOKa3HUKU IIPOOKCUAAHTHOL
AKTHBHOCTI KpPOBI JOHOPiB BOEHHOIO Yacy 3HAYHO IIEPEBHUINYIOThH
MOKa3HUKH KOHTPOJbHOI rpymu. [Ipo 1e CBIAYMIM AaHi IIOI0 BMICTY
YCBOTO CIIEKTpa MOJIEKYJISIPHUX HPOAYKTIB TNEpOKCHIALl JiMmiaiB, e
MEPEBUILICHHS. JaHWX OOCTIJHOI TPYNH BIIHOCHO TPYNH KOHTPOJIIO
cximagano Big 1,7 mo 17,7 paza. Tak, piBHI cyOcTpaTiB Ta MOJEKYIAPHUX
MPOIYKTiB MEPOKCHIAIi E€KCTparoBaHMX JO TeNTaHOBOI (ha3u IIMimiB
(HeHTpalbHi JIMiH), BIIIOBIAHO IO TPYI Ta JOCTIHKEHUX MOKa3HHKIB,
cknamany: s cyocrpartis (i3osbBani moBiiHi 38’53k - 1113,) - Me (1) =
2,40 (2,07; 3,35) On/mn Ta Me (11) = 0,47 (0,19; 1,41) On/mu, p = 0,000001;
JUIsL TPOMDKHHX TIPOJYKTiB, Takux sik aieHoBi ([K,), Tpuenosi (TKy) ta
okconienoBi kon’roratu (OJIKu) — Me (I) = 1,84 (2,07; 2,78) On/mi ta Me
11 = 0,10 (0,29; 0,91) Om/mi, p = 0,000001; Me (I) = 0,56 (0,46; 0,82)
Om/mn ta Me (1) = 0,16 (0,13; 0,26) On/mu, p = 0,000001; Me (I) = 0,55
(0,44; 0,82) O/mn Ta Me (II) = 0,15 (0,11; 0,25) On/m, p = 0,000001; st
KiHIIEBHX NpoAyKTiB Tumy ocuoB [Iudda (I10,) — Me (I) = 0,15 (0,10;
0,28) On/mt Ta Me (IT) = 0,02 (0,02; 0,04) On/mm, p = 0,000001. TTpomxykrn
nepokcuaamii  ¢ocdomimiaiB, BH3HAYEHI B 130MpPOMaHONBHIN (a3i
JITJHOTO EeKCTPaKTy, TaKOXK MalH 3HA4HI MDKIPYIIOBI BiIMIHHOCTI, a
came: 3a koHeHTpauieto 11134 — Me (I) = 4,39 (3,89; 4,87) On/mn Ta Me
I = 1,63 (1,21; 1,92) On/mu, p = 0,000001; ms AKy, TKy Ta OJKy,
BianosigHo, — Me (I) = 2,07 (1,72; 2,62) On/mn ta Me (II) = 0,91 (0,65;
1,09) On/mi, p = 0,000001; Me (I) = 1,09 (0,91; 1,36) On/mn ta Me (1) =
0,65 (0,48; 0,77) O/mu, p = 0,000001; Me (I) = 1,05 (0,86; 1,45) O/mn
ta Me (II) = 0,50 (0,42; 0,61) On/mi, p = 0,000001; must LIOg — Me (I) =
0,26 (0,14;0,43) On/mit Ta Me (11) = 0,13 (0,08; 0,16) On/mm, p = 0,000001.
JlaHi 3arajpHOTO aHaNi3y KpOBi, OLTKOBOrO OOMiHY, (DYHKIIIOHAJIBHOTO
CTaHy Ie4iHKH Ta MeTa0oIi3My 3ai3a He BUXOJHIIN 33 MEeXKi peepeHTHUX
3HAa4YeHb.

[IpomemoHcTpOoBaHa OaraTbMa JOCTIDKEHHSAMH 3HaduuMa pOJb
OKHCITIOBAJBHOTO CTPECY y CTapiHHI €PUTPOIMTIB IiJ] Yac XOJIOJJOBOTO
30epiraHHs, IO CYIPOBOMKYETBCS CYTTEBUM TOTIpHIEHHSIM  iX
TpaHchy3iiHOT e(eKTUBHOCTI, MiATBEPIKYE BaYJIUBICTh
MPOJIEMOHCTPOBAHUX PE3YJbTaTiB Ta MPOJOBXKEHHSI POOOTH y 00paHOMY
HaIpsIMKY.

BucnoBkn. BusiBieHi 0ocoONMBOCTI NMPOOKCHIAHTHOI aKTHUBHOCTI
KpOBi JIOHOpIB MOXYTh BIUIMBaTH Ha CTIMKICTh iX EpPUTPOLMTIB IO
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CTaHIapTHUX YMOB TpPUBAJIOro 30€piraHHs NPH IOMIPHO HHU3BKIH
temneparypi 4-6 °C. Tlomamemn JOCHIIDKCHHS B HamNpsSMKY aHai3y
3B’S3KiB MK MapKepaMH OKHCHOTO CTpecy, 30KpeMa aKTHBHICTIO
JmonepoKkcuanii, K OCOONMBHMH IapamMeTpaMH JOHOpa, a TaKoXK
OOTpYHTYBaHHS JOIIUIBHOCTI PO3MVISAYy IMX Ta IHIIHX JOJATKOBHX
JIOHOPCHKHX (DaKTOpiB MIBHIKOCTI PO3BHUTKY CTapiHHS EPUTPOIUTIB B
nporieci 30epiraHHs € MepCrleKTUBHUMH 3 TOYKH 30pYy MOIIYKY HUIAXIB
MOKpAILEHHS IKOCTI KOMITIOHEHTIB KPOBI.

KorodoBi ciioBa: 10oHOpH KpOBi, IEPEKHCHE OKHCICHHS JIMiJiB,
TPOMAJICbKE 3/I0pOB'S, KOHCEPBOBaHI EPUTPOLMTH, SKICTh, MapKepH
OKHCHOT'O CTpECYy.

Aemop, gionosioanvhuit 3a aucmyeannsn. Temsna Kanunuuenxo, nabopamopis KpioKOHCEPEYSAHHS 2eMONOEMUYHUX
xkaimun, Y «HayionaneHuii HAyKo8ull yewmp paoiayiiiHoi meouyuHu, zemamonozii ma oukonoeii HAMH Yxpainuy,

Incmumym cemamonozii ma mpaucgysionoeii, m. Kuig, Yxpaina

e-mail: kalynychenko tetiana@ukr.net

INTRODUCTION

Preserved packed red blood cells (PRBC) are the
most necessary component of transfusion therapy in
critical and severe conditions caused by deficiencies of
these cells and hemoglobin. The acquisition of high
efficiency and safety of these agents depends on the
biochemical, biophysical, and morphological properties
of cells, which are the main quality indicators in PRBC
production and storage [1]. The history of the
development of biomedical technologies of such
manufacturing shows that many of them, which are used
in the blood service operations, are aimed at stabilizing
such components as cell membranes, their intracellular
medium, as well as functional activity. Preservative
solutions modernization due to new compositions of
chemical compounds is practically exhausted today [2,
3]. Traditionally, they contain salts (NaCl, NaHCOs3,
Na2HPOQO4, sodium citrate), citric acid, adenine, glucose
and other components. Unfortunately, cell protection
with such solutions is not complete. Gradual but
significant cell damage with their acquiring signs of “in
vitro aging” during the permitted period (from 21 to 42
days) under standard production conditions of
hypothermic PRBC storage always occurs, and is
collectively scientifically referred to as the “storage
lesion” [4]. At the same time, the oxidative processes
activation accompanied by RBC membrane damage is a
general characteristic of such damage. As a result, the
risk of post-transfusion immune and inflammatory
complications in recipients increases.

In addition to these and other production parameters,
such as fractionation methods, the presence of
leukocytes, as well as oxygen access, there are also a
number of the donor characteristics (gender, age,
metabolic features, genetic factors, etc.) that are
somehow related to quality and preservation of PRBC in
the blood banks conditions [5-10]. In view of these

individual characteristics, the storage lesion progression
rates vary from donor to donor [6]. Recently, there has
been a significant revival of interest in the study of such
correlations, but the specified donor characteristics are
not yet taken into account during the realization of the
donor suitability assessing procedure for blood donation
under standard conditions. In particular, the initial
parameters of the pro-oxidant processes activity, which
should play a very important role in the RBC aging
induction intensity during blood bank storage, are not
taken into account [11].

It is well known that the development of various
pathological conditions, as well as the aging acceleration,
occurs under conditions when the oxidative reaction
degree exceeds the antioxidant system ability to self-
renew. The generation of free radicals or reactive oxygen
species (ROS) is caused by many factors. Infectious
agents, ionizing and ultraviolet radiation, tobacco smoke,
environmental  toxins, exposure to herbicides/
insecticides, and many other exogenous influences are
the main ones [12]. In case of predominance of pro-
oxidant processes, oxidative molecular damage of cells
develops with the induction of apoptosis or necrosis due
to peroxidation of lipids, proteins, DNA and RNA [13].

Thus, lipids are targets of peroxidation modification.
At the same time, free radicals formed from oxygen, such
as hydroxyl and hydroperoxyl species, mainly oxidize
membrane lipids containing polyunsaturated fatty acids.
In particular, phospholipids in the composition of cell
membranes are mainly prone to peroxidation [14].

Since membrane lipids are responsible for
maintaining cellular membrane integrity, their intense
peroxidation changes the assemblage, composition,
structure, and dynamics of these cellular structures. As
highly reactive compounds, lipid peroxides are able to
spread the further formation of ROS or decompose into
reactive particles [15].
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In view of the above, the lipid peroxidation (LPO)
processes activity levels in the donor's body are critically
important for the initial quality characteristics of cellular
components, in particular RBCs intended for transfusion
therapy. The LPO activation predictably affects their
quality during hypothermic storage of the reserve
accumulation in the blood bank.

The work aimed to study individual laboratory
indicators of the donors' health during wartime. A
number of tasks to be performed were set, namely: to
investigate the lipoperoxidation activity in venous blood,
as well as the liver functional state, iron metabolism,
indicators of a general blood analysis; to compare the
data obtained in the studied group of wartime donors with
the corresponding indicators obtained from archival data
in the group of peacetime donors.

MATERIALS AND METHODS

The research group included 28 donors from the
Kharkiv region (group I, n = 28). All of them were in the
combat zone, and by type of activity, they were military,
critical infrastructure workers, and civilians. Donors
were examined for hematological and biochemical
indicators. Archival data from pre-war (2007, group 1l —
the controls, n = 50) served as a comparison group. All
donors were primary and were allowed to donate in
accordance with national eligibility criteria for blood
donation after signing the appropriate questionnaires and
informed consent forms (Order of the Ministry of Health
of Ukraine dated August 1, 2005 No. 385 "Procedure for
medical examination of blood and blood component
donors" in the edition of February 8, 2021 No. 207).
Among such criteria are compliance with age restrictions,
weight from 50-55 kg, absence of chronic diseases,
restrictions on taking medications and denial of risky
behavior. Accordingly, the age of the donors in the study
was from 18 to 51 years. By gender, 21 and 23% of the
total number of experimental and comparative groups
were women. When studying the dependence of LPO
indicators on age, donors were divided according to two
categorical variables, namely: age from 18 to 40 years
and from 41 to 51 years, which made up 50% of the total
sample.

The study was carried out according to the plan of
research and development of the National Academy of
Sciences of Ukraine, and passed the examination of the
medical ethics committee of the State Institution
"Institute of Hematology and Transfusiology of the
NAMS of Ukraine".

In whole blood, taken in a vacuum tube with an
EDTA filler, indicators of a general blood analysis with
the leukocyte formula were determined [16].
Biochemical studies were carried out in serum from the
vacuum tube without a filler. We used photometric
methods of determination for such indicators as total

protein (g/L) [17], total and direct bilirubin according to
Endrashik (umol/L) [18], thymol test by Shank—
Hoagland turbidity units (S-H U) [19], alkaline
phosphatase (ALP (ncat/L)) [20], iron and total iron-
binding capacity (TIBC) of donor blood serum (umol/L)
[21]. Manual photometric calibration methods were also
used to determine the activities of alanine
aminotransferase (ALT (pumol/(mlh)) and aspartate
aminotransferase (AST (pumol/(mlh)) according to
Reitman-Frenkel [22, 23], and gamma-glutamyl
transpeptidase (y-GGT (ucat/L)) [24].

The activity of lipid peroxidation (LPO, U/ml)
processes was investigated using the Volchegorsky IA, et
al. method in the Anoshyna MYu modification [25]. The
method modification allows separate determination of
the relative content of the intermediate LPO products,
which clarifies the character of the LPO processes. In
general, the method is characterized by differentiated
determination of acyl peroxidation in the structure of the
phospholipids ((PhLs) extracted to the isopropanol
phase) and the unesterified intermediates of the
neutralized lipids (NLs) under fatty acid peroxidation
(extracted to the heptane phase) according to the
concentration of dienic conjugates (DC), trienic
conjugates (TC), oxodienic conjugates (ODC) and final
products by type Schiff basics (ShB) and substrates of the
lipid peroxidation (the content of isolated double bonds
(IDB). The optical density of each phase of the lipid
extract against the corresponding control was measured
on a spectrophotometer (Helios o, Thermo Electron Co,
UK). The wavelengths correspond to the absorption of
the indicated range of LPO molecular products and their
substrates. The concentration of IDB was measured by
absorption at 220 nm wavelength, DC — at 232 nm; TC —
at 268 nm, ODC —at 278 nm, and ShB —at 400 nm. There
were no differences in the conducting research conditions
using harmonized techniques in the comparison groups.

Statistical processing and data analysis were
performed using STATISTICA 10 (StatSoft, USA).
Since the distribution of the traits was not normal, the
non-parametric Mann—Whitney U test was used to assess
the differences between two independent groups.
Differences between the results were considered
significant at p-value <0.05 [26]. The data are presented
as median (Me) and interquartile range (25 %; 75 %).

RESULTS

As evidenced by the data in Fig. 1 and Fig. 2, the
blood pro-oxidant activity of wartime donors (group 1)
significantly exceeds the indicators of prewar donors
(group 11 —the contraols).

The absolute content of the LPO molecular products
(both in the case of neutral lipids peroxidation (fig. 1) and
in the case of phospholipids peroxidation (fig. 2))
significantly exceeded the group Il data. The levels of
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Figure 1 — Levels of neutral lipid peroxidation products (NLPO) in the blood of wartime donors (I) and the
control group (I1): Me — median; IDB - isolated double bonds; DC, TC, ODC - diene, triene, and oxodienic
conjugates. Statistical differences are indicated with * — P < 0.000001
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Figure 2 — Levels of phospholipids peroxidation products (FLPO) in the blood of wartime donors (I) and the
control group (I1): Me — median; IDB - isolated double bonds; DC, TC, ODC - diene, triene, and oxodienic
conjugates. Statistical differences are indicated with * — P < 0.000001

substrates and molecular peroxidation products of lipids
extracted to the heptane phase (neutral lipids) were, in
according to the groups and the investigated indicators: for
substrates (IDB) — Me (1) = 2.40 (2.07; 3.35) U/ml vs Me
(1)=0.47 (0.19; 1.41) U/ml, p = 0.000001; for intermediate
products such as DC, TC, and ODC — Me () = 1.84 (2.07;
2.78) U/ml vs Me (Il) = 0.10 (0.29; 0.91) U/ml, p =
0.000001; Me (I) = 0.56 (0.46; 0.82) U/ml vs Me (11) =0.16
(0.13; 0.26) U/ml, p = 0.000001; Me (I) = 0.55 (0.44;
0.82) U/ml vs Me (Il) = 0.15 (0.11; 0.25) U/ml, p =
0.000001; and for the end products (ShB) — Me (1) = 0.15
(0.10; 0.28) U/ml vs Me (1) = 0.02 (0.02; 0.04) U/ml, p =
0.000001. Phospholipid peroxidation products, determined
in the lipid extract isopropanol phase, also had significant

intergroup differences, namely: according to the IDB
concentration — Me (1) = 4.39 (3.89; 4.87) U/ml vs Me (I1)
=1.63(1.21; 1.92) U/ml, p = 0.000001; for the DC, TC, and
ODC concentrations, respectively, — Me (I) = 2.07 (1.72;
2.62) U/ml vs Me (Il) = 0.91 (0.65; 1.09) U/ ml, p =
0.000001; Me (1) = 1.09 (0.91; 1.36) U/ml vs Me (I1) = 0.65
(0.48; 0.77) U/ml, p = 0.000001; Me (I) = 1.05 (0.86; 1.45)
U/mlvs Me (11) = 0.50 (0.42; 0.61) U/ml, p = 0.000001; and
for the ShB concentration — Me (1) = 0.26 (0.14; 0.43) U/ml
vs Me (1) =0.13 (0.08; 0.16) U/ml, p = 0.000001.

Thus, the content of lipid substrates, which are
characterized by the IDB concentration, in the case of
neutral lipids peroxidation at the wartime donor group
exceeded the control data of the second group by as much
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as 5 times. This indicator exceeded the data of the control
donor group by almost 3 times in the phospholipids
peroxidation case. The increase for primary LPO products
(NLs DC and PhLs DC) was even more pronounced and
amounted to 17.7 and 2.3 times, respectively. The excess
concentration of lipoperoxidation intermediates (NLs TC,
NLs ODC, PhLs TC, PhLs ODC) in the blood of wartime
donors was 3.6, respectively; 3.7; 2,3; 1.7 times. A

IDB (NLPO)

IDB (NLPO)

significant difference was also found for the end products
of the type of Schiff bases, both NLs and PhLs, which
reached an excess of 6.2 and 2.1 times, respectively, in the
experimental donor group.

The Mann-Whitney test for independent groups was
used to assess the relationships between LPO activity in
the venous blood of donors and their gender (fig. 3, 4) and
age (fig. 5, 6).
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Figure 3 — The intergroup difference of median for neutral lipid peroxidation products (NLPO, U/ml) in the
donor peripheral blood (distribution by gender: f — female, m — male) according to Mann-Whitney U test: a — the
concentration of isolated double bonds (IDB), p-value = 0.4280; b — the concentration of dienic conjugates (DC), p-value
=0.7036; c — the concentration of trienic conjugates (TC), p-value = 0.2021; d — the concentration of oxodienic conjugates
(ODC), p-value = 0.2457; and final products by type Schiff basics (ShB), p-value = 0.6102
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Figure 4 — The intergroup difference of median for phospholipids’ peroxidation products (PhLPO, U/ml) in
the donor peripheral blood (distribution by gender: f — female, m — male) according to Mann-Whitney U test: a —
the concentration of isolated double bonds (IDB), p-value = 0.7567; b — the concentration of dienic conjugates (DC), p-
value = 0.7643; ¢ — the concentration of trienic conjugates (TC), p-value = 0.6383; d — the concentration of oxodienic
conjugates (ODC), p-value = 0.9840; and final products by type Schiff basics (ShB), p-value = 0.7643
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Figure 5— The intergroup difference of median for neutral lipid peroxidation products (NLPO, U/ml) in the
donor peripheral blood (distribution by age: from 18 to 40, and from 41 to 51 years old) according to Mann—
Whitney U test: a — the concentration of isolated double bonds (IDB), p-value = 0.0786; b — the concentration of dienic
conjugates (DC), p-value = 0.0563; ¢ — the concentration of trienic conjugates (TC), p-value = 0.0467; d — the
concentration of oxodienic conjugates (ODC), p-value = 0.0912; and final products by type Schiff basics (ShB), p-value
=0.8338
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Figure 6 — The intergroup difference of median for phospholipids’ peroxidation products (PhLPO, U/ml) in the
donor peripheral blood (distribution by age: from 18 to 40, and from 41 to 51 years old) according to Mann-Whitney
U test: a — the concentration of isolated double bonds (IDB), p-value = 0.7566; b — the concentration of dienic conjugates
(DC), p-value = 0.7643; ¢ — the concentration of trienic conjugates (TC), p-value = 0.6386; d — the concentration of oxodienic
conjugates (ODC), p-value = 0.9841; and final products by type Schiff basics (ShB), p-value = 0.7643

As it turned out when comparing the data of donors, 4). There was also no difference in groups divided by age
divided according to the above-mentioned grouping (fig. 5, 6). This is evidenced by the significance levels of
features, the activity of lipoperoxidation processes did differences with respect to the absolute majority of lipo
not differ in the blood of female and male donors (fig. 3, peroxidation products (p>0.05).
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Some intergroup differences in biochemical
indicators of venous donor blood, distributed in groups
by the terms of donation, were also revealed.

A summary comparison of indicators of functional
liver condition and iron metabolism selected for

statistical significance is presented in Table 1. Other
investigated indicators did not have statistically
significant differences between the experimental and
control groups (data not presented).

Table 1 — Intergroup differences in indicators of functional liver status and iron metabolism in blood samples of
wartime (group 1) and peacetime (I1) donors, which are statistically significant according to the Mann—Whitney test

Indicators Group | Reference values Me 25 % 75 % Pin
Thymol test, I 1.50 1.24 1.91
0.00-4.00 0.001843
S-HU 11 2.30 1.80 2.90
Direct bilirubin, 1 2.03 1.23 2.30
2.20-5.13 0.000001
pmol/1 I 0.86 0.83 0.90
Indirect I 8.28 7.86 11.89
ilirubi .30-15.4 .002437
bilirubin, " 6.30-15.40 10.82 1011 10.82 0.00243
pmol/1
ALT, 1 0.41 0.33 0.51
0.10-0.69 0.010873
pmol/(ml-h) I 0.56 0.41 0.69
ALP, 1 1658.00 1458.00 1773.00
820.00-2190.00 0.000008
ncat/L 11 1388.00 1223.00 1503.00
v-GGT, 1 0.38 0.34 0.50
0.21-1.44 0.003310
pcat/L 11 0.47 0.42 0.55
Serum iron, 1 20.00 15.65 22.65
9.15-28.45 0.006154
pmol/L I 15.00 12.20 18.90
TIBC, 1 69.80 67.15 72.00
pmol/L 11 44.80-76.10 73.25 67.90 76.40 0.021631
LIBC 1 49.75 46.50 54.85
' 25.00-48.00 0.027227
umol/L 11 56.00 47.10 63.00
TSC 1 28.95 22.45 32.55
’ 15.00-50. .01
% 11 5.00-50.00 21.35 16.20 28.10 0.010395
Transferrin, I 2.68 2.58 2.77
g/L I 2.00-2.60 2.82 2.62 2.95 0.012423

Note: ALT — alanine aminotransferase, ALP — alkaline phosphatase; y-GGT — gamma-glutamyl transpeptidase; TIBC —
total iron-binding capacity, LIBC — latent serum iron-binding capacity, TSC — transferrin saturation coefficient; Me —

Median

The data obtained during non-parametric statistical
analysis show that the indicators of the liver functional
state in donors of both groups do not cross the reference
values limits, although they have certain statistically
significant differences (Table 1). Thus, direct bilirubin in
the blood of wartime donors exceeds the control group
data (p = 0.000001). All other data either do not have a
significant statistical difference (data not presented) or
are lower compared to the indicators of the Il donor
group. The latter include such dates as indirect bilirubin,
ALT, ALP, thymol test, and y-GGT.

Indicators of iron metabolism in both groups also do
not cross the limits of reference values (Table 1). At the

same time, the iron content of serum was 25% higher in
donors of the 1st group, which had an effect on other
calculated indicators of its exchange. So, Me TSC by
7.6% in the donors of the experimental group exceeds the
control data. It should be noted that normally the
percentage of transferrin saturation with iron is about
30%. This indicator decreases under conditions of
insufficient intake of iron in the body. As for transferrin,
the concentration reference indicators are slightly
different for women and men (for women, they are
higher), but in general, the content of transferrin should
be in the range of 1.3 to 3.8 g/I. We observed exactly such
normal values in both donor groups. At the same time,
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the level of transferrin in the group of wartime donors
was higher by 5.2%.

The calculated indicators of total and unsaturated
serum iron-binding capacity (TIBC and LIBC) also,
without going beyond the reference values, had statistical
differences according to the | and Il groups: the difference
for Me TIBC was 4.9%; for Me LIBC — 12.6%.

In addition, indicators of general clinical blood
analysis were investigated in the donor groups.
According to the non-parametric Mann—-Whitney test,
statistically significant differences were found in eight
indicators in the general blood analysis of donors of the |

and 11 groups, namely: absolute content of erythrocytes,
absolute content of leukocytes, and their differentiated
indicators: absolute content of band neutrophils,
segmented neutrophils, and basophilic white blood cells
(WBCs), as well as between the relative indicators of the
content of eosinophils, monocytes, and basophils.

A detailed analysis of the identified discrepancies in
the indicators of the general blood analysis in the two
donor groups is presented in Table 2. The data that did
not have statistically significant discrepancies are not
presented.

Table 2 — The intergroup difference in the parameters of the general blood analysis of wartime (group 1) and
peacetime (group Il) donors, which is statistically significant according to the Mann—-Whitney test

Reference
Indicators Group values Me 25% 75% Piu
(for donors)

RBCs, I 4.30-5.75 5.35 5.21 6.46 0.000118
*10%/L 1 R 5.00 4.69 5.20 '
WBCs, I 4.32 4.00 5.40
A9 3.60-10.50 0.000063
10°/L 11 5.80 5.00 6.90
Band neutrophils, I 0.00-0.40 0.07 0.04 0.12 0.001072
-10%/L 1l Rl 0.13 0.08 0.20 '
Segmented neutrophils, 1 1.70-7.20 2.63 2.37 291 0.049369
-109/L Il R 2.92 2.65 3.84 '
Eosinophils, I 3.50 1.50 5.50
o 0.5-5.5 0.026311
% I 2.00 1.00 3.00
Monocytes, 1 0.12 0.06 0.22
o 2.0-9.5 0.000001
% I 0.45 0.34 0.57
Basophils, I 1.00 0.75 2.00
o 0.0-1.8 0.000069
% 11 0.00 0.00 0.00
Basophils, I 0.05 0.03 0.09
109/L 0.00-0.20 0.000194

11 0.00 0.00 0.00

Note: RBCs — red blood cells, WBCs — white blood cells; Me — Median

As shown in Table 2, all eight indicators that have
differences between groups of wartime and peacetime
donors do not go beyond the reference limits. At the same
time, such data as the content of erythrocytes, the relative
content of eosinophils, basophils, as well as the absolute
content of basophilic WBCs in the 1st group statistically
reliably exceed the data obtained in the 2nd group with a
high degree of statistical reliability.

Discussion

Metabolic reactions occurring inside the bags during
PRBC storage lead to cell damage [27]. However, the
initial quality of the harvested material is of critical
importance for the dynamics of these processes. Above
all, it depends on the state of the donor's health. The main

goal of the today transfusiology practice is to reduce the
risk of infectious and non-infectious complications
during the transfusion of blood components. Obtaining
medical and behavioral anamnesis from potential blood
donors is one of the first steps in this process. However,
PRBC metabolism is closely related to the donor
systemic metabolism [8]. Therefore, in this study, we
turned to the study of donor individual health indicators,
which may have changes in wartime conditions.

We paid special attention to studying the activity of
lipid peroxidation processes in the red blood cells of the
donor. The important role of membrane LPO in cell
biology and human health is well understood. At the
same time, the value of such methods for the presented
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study is due to the need to characterize the red blood cell
initial parameters, as a cellular object of storage in the
blood bank, as well as the leading role of the lipid bilayer,
as the main component of the cell membrane, in
maintaining its structural integrity. Here, the study of the
wide range of LPO molecular products (substrates,
primary, secondary, final) is used as a marker of pro-
oxidant activity, which in the circumstances of
significant activation disrupts the membrane structure
with an inevitable effect on the functional ability of the
cells. In particular, in this case, there is a loss of fluidity,
and regulatory mechanisms are disturbed, including
lipid-lipid and lipid-protein interaction, permeability,
transport of ions and nutrients, functioning of signaling
pathways, and metabolic processes. It should be noted that
the molecular products of lipid peroxide breakdown
studied here are considered the most useful tools for the
detection and quantification of LPO in biological samples
[14]. Therefore, in our study, among the important
characteristics of donors' health indicators, particular
attention was paid to the content of LPO products in
venous blood. On the one hand, they are used as critical
mediators of the development of pathological conditions
in the donor's body; on the other hand, they are used as
indicators of the packed red blood cell initial quality.

The research group consisted of donors from the
Kharkiv region who had donated blood in 2023 under
special conditions of extreme acute and chronic stress
caused by hostilities, what, among other reasons, could
also have an impact on red blood cell donation. In
particular, the harsh experiences of war and man-made
disasters are known to often cause disorders of varying
severity degrees, including post-traumatic stress disorder
(PTSD), depression, and deep-seated anxiety states.
Research in the psychiatry field indicates the
considerable duration of such consequences, especially
in war trauma cases. Many people do not recover for
three years.

From the point of view of public health in general and
the health of donors in particular, the latest results of
numerous studies demonstrating general changes in the
functioning of various organs and systems in persons
with the consequences manifestations of psychological
trauma are extremely important. A number of
epidemiologic studies have found associations with
newly discovered metabolic disorders such as diabetes
and abnormal lipid profiles [28, 29], which are risk
factors for cardiovascular dysfunction and failure [30,
31]. Staying in extreme stressful conditions affects
human hemodynamic, oxygen transport,
microcirculation, and erythropoietin production [32].
Psychological stress disrupts iron metabolism and
influences erythropoiesis [33]. Evidence from the past
decade has confirmed the close relationship between the

brain and the body as a whole in the context of exposure to
stress/trauma. The key role of impaired immune regulation
with a blood reaction in the extreme form of the
manifestation of suffered psychological traumas, which is
PTSD, has been shown recently [34—-36]. The mass of such
phenomena in the combat zone has a significant impact on
public health and can indirectly have a negative impact on
blood donation in view of the quality of its components, in
particular PRBC.

The symptoms of such disorders reflect a distinct
inability to restore homeostasis primarily through the
peripheral blood, which serves as a conduit for
neuroendocrine and immune signaling [37]. Dysregulation
leads to inflammation, changes in the adaptive activities of
the hypothalamic-pituitary-adrenal system, as well as the
sympathetic nervous system sensitivity [38]. This affects
both peripheral blood immune cells and neuroimmune
dynamics in the brain.

In our study, we did not find changes that can
accompany stress disorders of varying degrees. On the
contrary, some of the obtained results, in particular, data
on iron metabolism, in the donors of the experimental
group looked slightly better compared to the control group.
However, over time, under the influence of chronic and
acute stress, regulation failure of all three main lines of
hematopoiesis can be manifested. Unfortunately,
biological dysregulation of markers of the immune and
endocrine systems may become more apparent with
increasing time after injury [35]. Such clinically valuable
shifts with evidence of a significant correlation for the
development of inflammatory responses have been
demonstrated by several research groups recently [39-41].

At the same time, we found important data on
indicators of pro-oxidant activity of wartime blood donors.
According to our observations, there was a significant
excess of LPO indicators in the experimental group,
compared to the control. In this study, the method of
measuring oxidative damage by the LPO product levels in
biological samples of blood donors was used, since direct
quantitative analysis of reactive oxygen species is
considered a difficult task due to their high activity and
short half-life [11]. At the same time, the reaction of
oxygen with unsaturated lipids gives the oxidation product
range (from substrates (IDB), primary, secondary (DK,
ODK, TK), and to the final products (ShB) of LPO, which
were investigated in this work. So, we found that the levels
of the entire range of the molecular LPO products with a
high statistical probability exceeded the data of the control
group (from 1.7 to 17.7 times, depending on the studied
indicators, P,y =0.000001). This is important and can have
a significant impact on the main quality parameters of both
a freshly prepared dose of PRBC and one that is stored for
a long time under normal conditions of a blood bank, as it
is known that under such conditions the risks of
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irreversible processes in the vital activity of the cell
increase significantly. [11, 42, 43]. Such a direct
relationship between the content of LPO products in the
cellular components of umbilical cord blood prepared for
cryopreservation and the cryosensitivity levels of its RBC,
as well as granulocyte-macrophage hematopoietic cells,
was already demonstrated by us earlier [44, 45].

In general, predicting the RBC response to different
storage conditions is burdened by the complexity of

CONCLUSIONS

It was shown that the data of the general blood
analysis, protein metabolism, functional state of the liver,
and iron metabolism in the blood samples of wartime and
peacetime donors did not cross the limits of reference
values. Still, that have certain statistically significant
differences in some indicators, namely: the content of
direct and indirect bilirubin, alanine aminotransferase,
alkaline phosphatase, thymol test, and gamma-glutamy!l
transpeptidase. Indicators of iron exchange in donors of
the research group exceeded the data of the control group
in terms of such parameters as serum iron (by 25%),
transferrin  saturation coefficient (by 7.6%), and
transferrin level (by 5.2%). The concentration of RBCs,
the percentage of eosinophils, and basophils, as well as

PROSPECTS FOR FUTURE RESEARCH

relationships  between  biochemistry,  cytoskeleton
structure, and cell membrane properties. Heterogeneity
between donors is manifested in variable susceptibility to
hemolysis and subsequent post-transfusion increase in
hemoglobin [46]. Therefore, such donor-related additional
factors, not previously studied, should be considered
extremely important for the biotechnological practices of
manufacturing and long-term storage of PRBCs in blood
banks.

the absolute concentration of basophilic WBCs in the
blood of donors belonging to the experimental group
statistically significantly exceeded the data obtained in
the control group.

At the same time, it was found that the indicators of
blood pro-oxidant activity of wartime donors
significantly exceed the indicators of peacetime donors.
This was evidenced by concentration data on the entire
spectrum of lipid peroxidation molecular products with
an excess of the data for the control group from 1.7 to
17.7 times, depending on the type of such product. Such
features may have significant implications for cell
biology in the context of the PRBC transfusion medium
stability, and therefore for the biotechnological practices
of its manufacture and storage.

Since this is important from the point of view of understanding the factors affecting the quality of PRBCs, as well as
finding ways to improve it, further studies should be devoted to the analysis of the relationship between established
special parameters of the donor and the individual sensitivity of the harvested RBCs to standard conditions of long-term

hypothermic storage.
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