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USE OF LACTULOSE IN THE COMPOSITION OF BLOOD CELL CRYOPRESERVATIVES
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Introduction. Cryopreservation allows for long-term conservation of biomaterials. The insufficient efficacy of available cryopreservatives and the toxicity of a
number of cryocomponents renders the search for low-toxic biocompatible cryoagents highly relevant.

Objective. Assessment of morphological and functional features of blood cells in a lactulose-based cryopreservative for storing whole blood at moderately
low temperatures (minus 20 °C) using leukocyte, platelet, and erythrocytes parameters.

Materials and methods. The study was conducted using peripheral venous blood of 30 female donor volunteers aged 18-23 years. Samples of peripheral
venous blood were stabilized by 3-substituted potassium salt of ethylenediaminetetraacetic acid. The cryopreservative was prepared using a 0.9 % sodium
chloride solution to maintain the isotonic concentration. Glycerin and dimethy! sulfoxide were used as cell-penetrating cryoprotectors; lactulose disaccharide
was used as a non-penetrating cryoprotector. The composition of the obtained cryopreservative was optimized by varying the mass fractions of the compo-
nents. Clinical blood tests were performed using a Gemalite 1270 automatic hematology analyzer. A computer cytomorphometric study was performed in the
MEKOS-C2 hardware and software environment.

Results. The conservation of blood samples using the developed cryopreservative for 24 h at a temperature of minus 20 °C increased the percentage of
preserved leukocytes, erythrocytes, and platelets to 88.6+0.41 %, 92.1+0.31 %, and 91.4+0.52 %, respectively. The blood cells retained their physiological
activity after thawing compared to blood samples stored at room temperature.

Conclusions. The morphological and functional safety of blood cells in samples stored with the developed cryopreservative was revealed after 24 h of stor-
age at minus 20°C. The advantages of this cryopreservative include the possibility of its long-term storage without loss of cryoprotective properties, stabilizing
blood cells to the effects of sub-moderate low temperatures of minus 20 °C, the use of non-toxic lactulose disaccharide that does not penetrate into the cell.
The developed cryopreservative proves effective in freezing conditions at minus 20 °C, being affordable in terms of cost (all components are manufactured in
the Russian Federation). Further research in this direction will contribute to the development of safer blood donation approaches and reducing complications
during transfusion of blood components.
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NCMOJIb3OBAHME JTIAKTYJ1I03bl B COCTABE KPMOKOHCEPBAHTA [J14 COXPAHEHUA
KJIETOK KPOBU

A.A. Bnacog™, C.®. AHppyceHko', O.M. AnduHoreHosa!, A.b. SnbkaHosa', A.A. KapgaHosa', Y.E. CopokuHa', 3.E. PbibumHckas,
O.A. JomeHtok?

" CeBepo-KaBkasckuii hegepanbHblin yHBepcuTeT, CTtaBponosb, Poccus
2 CTaBpOnObCKIIA FOCYAAPCTBEHHBIN MeANLUMHCKIIA yHUBepcuTeT, CTaBpononb, Poccus

BBepeHue. KprokoHcepBaLmsa NO3BONSET ANUTENBHO COXPaHATb BriomMaTtepuan, o4HaKo CyLLECTBYET psf NpobneM, CBA3aHHbIX C HEAOCTATOHHON adhdek-
TUBHOCTbBIO KPUOKOHCEPBAHTOB 11 TOKCUHYHOCTBIO Psifia KPMOKOMMOHEHTOB, B CBSA3M C YeM aKTyaseH NoVCK HU3KOTOKCUYHbBIX OIOCOBMECTUMBIX KPUOAreHTOB.
Llenb. OueHka MophodyHKLIMOHABbHBIX 0COOEHHOCTEN (POPMEHHBIX 3NEMEHTOB KPOBU B KDMOKOHCEPBAHTE C flaKTY/I0301 Ha OCHOBaHWUW nokasaTesnein
NenKouMTapHbIX, TDOMOOLMTAPHbBIX 1 9PUTPOLMTAPHBIX MApaMeTPOB ANA XPaHEHNS LIeIbHOM KPOBU NPW YMEPEHHO HM3Ko Temnepatype (20 °C).
Martepuanbl u metopabl. lccnenosarve nposegeHo Ha 30 OOPOBOSbLIAX-A0HOPAX XXEHCKOro nona B Bodpacte 18-23 net. O6bekT nccneaoBaHs — rne-
pudepuryeckas BEHO3Has KPOBb, CTabunnampoBaHHas 3-3aMeLLEeHHON KanmeBol COMblo 3TUNEHAMAMUHTETPAYKCYCHON KUCNOTbI. [1py NpuroToBneHun
MOJENbHOr0 KPUOKOHCepBaHTa 6bin ncnonb3oBaH 0,9 % pacTBop xjopuaa HaTpus ANA NogdepXKaHus M30TOHWUYECKOW KOHLEeHTpauun. B kadectse
KPUOMPOTEKTOPOB, MPOHUKAIOLLMX B KETKY, MCNONb30BaN rMULEpUH 1 AUMETUCYIbOKCU, B KA4eCTBE HE MPOHUKAIOWEro — Avcaxapwg NakTyno-
3y. OnNTUMM3aumsa cocTaBa KpPMOKOHCEpPBaHTa NPOoBOAMIach 3a CHET BapbMpOBaHWs MaCCOBbIX A0NEeN KOMMOHEHTOB. OBLmiA aHann3 KpoBW BbIMOSHSAMN
Ha aBTOMaTU4eCKOM reMaTofNorm4eckoM aHanmnaatope «femanant 1270». KoMmnbloTepHoe UMTOMOPgOMETPUHECKOE UCCNeoBaHe NPOBOANAN Ha anna-
paTHo-nporpaMmmHoM Komrnekce «MEKOC-LI2».

Pe3ynbTratbl. B x04€ ccneoBaHvsa B yCNoBusx CoxpaHeHrst 06pasLoB KpOoBY C MPUMEHEHVEM pa3paboTaHHOro KPYOKOHCEPBaHTa nocne 24 4 xpaHeHus
npu Temnepatype —20 °C yBenn4mBancs NnpoLeHT COXPaHHOCTU NENKOLMTOB, 3pUTPOLIMTOB, TpoMboLmToB (88,6 + 0,41, 92,1 + 0,31, 91,4 + 0,52% cooTseT-
CTBEHHO) C COXpaHeHneM (POPMEHHbIX SN1EMEHTOB KPOBYW B (PU3NONOrMYECKM aKTUBHOM COCTOSIHIM MOCHE OTTanBaHus No CpaBHEHWIO ¢ obpasLiamun KpoBy,
COXPaHABLUMMUCS NPU KOMHATHOWM TemnepaType.

BbiBoAbl. BrisiBneHa Mopdonorudeckas 1 yHKLUMOHaIbHAA COXPaHHOCTb (DOPMEHHbBIX 91IEMEHTOB KPOBM B 0bpasLiax ¢ NpuMeHeHnem pas3paboTaHHOro
KproKoHcepBaHTa nocne 24 4 xpaHeHus npu temnepatype —20 °C. MNpenmyLiecTsa JaHHOro KPMOKOHCepBaHTa: BOSMOXXHOCTb €ro ANUTENbHOro XpaHeHus
6€e3 NoTepun KPUONPOTEKTOPHbLIX CBOWCTB, 06ecrneveHre KpUonpoTEKTOPOM cTabunmaanmm hopMeHHbIX 3N1eMEHTOB KPOBW K BO3AENCTBUIO CyOyMepeHHO
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Hu3Kon Temnepatypbl —20 °C, NPUMEHEHVE HETOKCUYHOIO Ancaxapuaa NakTyno3bl, He NPOHUKAIOLLEro BHYTPb KNETKN. PagdpaboTaHHbIi KPUOKOHCEPBaHT
aBnseTcs 9 MOEKTVBHBIM B YCNOBUSIX 3aMmopakmBaHs npun —20 °C 1 0CTYMNHbIM (BCE KOMMOHEHTbI MPOU3BOAATCS Ha Tepputopumn Poccuiickoin Gedepaumn).
ViccnepgoBaHns B aHHOM HanpaBieHun No3BonaT 6osee apdeKTUBHO NCMONb30BaTh ay TOAOHOPCTBO BO M3HexXaHve psfa OCNOXKHEHNUI NPy TpaHcdhy3umn
KOMMOHEHTOB KPOBMU.

KnioueBble cnoBa: KpYOKOHCEPBaLIMS; KPMONPOTEKTOPbI; 9PUTPOLMTI; NENKOLUTHI; TPOMGOLMTLI; NaKTyn03a; MOPOMYHKLMOHAbHLIE CBOMCTBA
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QVIHaHCI/IpOBaHI/Ie: nccnegoBaHne He nMesno CI'IOHCOpCKOI7I nognep>xXKun.

CooTBeTCcTBME NMPUHLMNAM 3TUKU: 1CCNefoBaHne ofobpeHo aTudeckm kommuteToM CeBepo-KaBkasckoro defepanbHOro yHuBepcuteTa (MPOTOKON
Ne 002 oT 11 mnionsa 2024 r.). Bce y4acTHWUKM nognvcany 4o6poBosfibHOe MHDOPMMPOBaAHHOE Corflacue Ha y4acTve B UCCNefoBaHni.

nOTeHLWIaﬂbeIVI KOHCbﬂI/IKT WHTEepeCcOoB: aBTOPbI 3adABNAIOT o6 OTCYTCTBUU KOHd)ﬂI/IKTa VHTEPECOB.
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Cratbs noctynuna: 30.09.2024 Mocne gopaboTku: 07.11.2024 MpuHaTa kK ny6nukayun: 08.11.2024

INTRODUCTION

Preservation of blood cells outside their native environment
is a relevant task in practical healthcare. Cryopreservation
is indented for long-term storage of biosamples without
changes in their cellular structure and functional activity.
The use of liquid nitrogen requires bulky and expensive
equipment, as well as regular replenishment of expend-
able materials, which affects the cost of material storage
and transportation of samples [1]. Therefore, effective
cryopreservatives for the temperature range from —20°C
to —80° are in high demand. A distinctive disadvantage of
cryopreservation consists in the possible destruction of cell
membranes due to insufficient efficiency of existing cryo-
preservatives [2]. At the same time, cryoagents should not
only possess low toxicity [3, 4], but also prevent the loss
of phenotypic and functional properties of the biomaterial.
Therefore, the search for low-toxic biocompatible cryoag-
ents represents a highly relevant research task [5].

The highest results are achieved using combined cryo-
preservatives, including endo- and exocellular cryoprotect-
ants [6]. The toxic effect of cryosystems can be reduced
by introducing lipids, proteins, carbohydrates [7-10], ami-
no acids [11], and polyatomic spirits [12] as cryoagents of
natural origin. Low-molecular carbohydrates are a prom-
ising class of cryoprotectors [13]. Disaccharide trehalose
has a pronounced protective effect on cell membranes
[14]. Mixtures of sugars and polyols are considered as a
natural eutectic system [15]. At present, the literature lacks
experimental data on effects of a number of carbohydrates,
disaccharide lactulose in particular, on cells when used as
cryoprotectants. Lactulose is a safe compound for all age
groups, including children under one year of age [16]. In
a study of lactulose, no data on toxic, teratogenic, and
mutagenic effects were obtained in clinical studies involv-
ing humans [17]. At the same time, protective properties
of lactulose on microorganisms during their freezing were
noted [18, 19].

The need for whole blood and its components is con-
stantly increasing [20]. For analytical purposes, fresh whole
blood samples are preferred; however, this implies the

necessity of rapid analysis after collection and the limited
number of repeat tests that can be performed without ad-
ditional blood collection [21]. Although the experience of
cryopreservation in the field of capillary blood with sub-
sequent analysis by cytometry was described in [22], no
similar data on cryopreservation of venous blood can be
found. Thus, it appears relevant to analyze the morphologi-
cal and functional parameters of cryopreserved whole ve-
nous blood with the purpose of determining the possibility
of increasing the storage duration of stabilized blood sam-
ples without changes in analytical techniques and blood
parameters.

In this study, we evaluate the morphological and func-
tional features of blood cells preserved with a lactulose-
based cryopreservative using leukocyte, platelet, and
erythrocytes parameters for whole blood storage at mod-
erately low temperatures (-20°C).

MATERIALS AND METHODS

The study was conducted using blood samples from 30
healthy female donors aged 18-23 years. All participants
were distributed according to the phase of the menstrual
cycle (follicular phase). Inclusion criteria for the study were
the absence of chronic diseases in the period of exacerba-
tion, bad habits, and visible signs of allergic or infectious
diseases. All female participants signed informed consent
to participate in the study. The research object was periph-
eral venous blood stabilized with 3-substituted potassium
salt of ethylenediaminetetraacetic acid (K3 EDTA) in vitro.
Venous blood samples in the amount of 15 mL were col-
lected once in the morning from the elbow vein into special-
ized vacuum tubes for hematological studies with K3 EDTA.

Experimental samples were divided into three groups.
The control group included 10 blood samples, in which the
characteristics and parameters of blood elements were in-
vestigated at a temperature of +20 + 1.0°C. Experimental
group | included 10 blood samples, in which a model cryo-
preservative was introduced beforehand. These samples
were examined after 4 h, at a temperature of +20 + 1.0°C.
Experimental group Il included 10 blood samples, into
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which the model cryopreservative was introduced, fol-
lowed by introducing the samples into a state of cold ana-
biosis at =20 + 1.0°C for 24 h to evaluate the preservation of
samples after a single freeze/thaw cycle. The samples were
then unfrozen for a subsequent examination of the charac-
teristics and parameters of blood elements at +20 + 1.0°C.

When preparing a model cryopreservative, a 0.9% sodi-
um chloride solution was used to maintain isotonic concen-
tration. Glycerol and dimethyl sulfoxide (DMSQO) were used
as cell-penetrating cryoprotectants, while disaccharide
lactulose was used as a non-penetrating cryoprotectant.
The cryopreservative composition was optimized by vary-
ing the mass fractions of the components. The final com-
position of the model cryopreservative had the following
ratios of components: 20% of glycerol (analytic grade), 10%
of DMSO (chemically pure), 2.5% of lactulose (Lactusan
trade mark according to TU 9229-004-53757476-04), and
isotonic (0.9%) sodium chloride solution up to 100%. The
prepared solution was autoclaved (without DMSQO) at 1.2
atm for 30 min and stored in a refrigerator at 2—4°C. DMSO
is not subject to autoclaving due to its oxidizing in air, which
leads to its decomposition into compounds that increases
the toxicity of the composition. Sterilization of DMSO was
carried out by the sterilizing filtration method with the sub-
sequent storage of DMSO in glass sterile tubes at —10°C.
Thawing of DMSO was performed in a UT-4334 water bath
(ULAB, Russia) at 37 + 1°C. DMSO was added to the pre-
pared sterile model cryopreservative immediately before
freezing the experimental samples.

The model cryopreservative in the amount of 500 pL
was added to the samples of experimental groups | and
Il using volume changer pipettes with the 2:1 ratio of ve-
nous blood/cryopreservative by volume. The tubes were
sealed with stoppers, and the contents were stirred for 10
min using an orbital shaker (PSU-10i, Latvia). Following 4 h,
group | samples were examined at +20 + 1.0°C. Group I
samples were placed in the freezing chamber of an elec-
tric freezer with a temperature of —20 + 1.0°C and kept for
24 h. Subsequently, the samples were thawed in a water
bath UT-4334 (ULAB, Russia) in manual mode at a tem-
perature of +37 + 1°C for 1 min. Further, the characteris-
tics and parameters of blood elements were investigated at
+20 + 1.0°C. A computer cytomorphometric study of blood
cells was performed in the MECOS-C2 hardware and soft-
ware environment (Medical Computer Systems, Russia). In
vitro diagnostic tests of the total blood count (TBC) were

Table 1. Leukocyte indices of total blood count (TBC) in the study groups

ORIGINAL ARTICLE | HEMATOLOGY

performed using a Hemalight 1270 automatic hematologi-
cal analyzer (Dixion, Russia).

The obtained results were processed using the IBM
SPSS Statistic 23.0 software statistical package (IBM Corp.,
Armonk, NY, USA). The distribution of the studied param-
eters was evaluated using the Shapiro-Wilk W-criterion.
The level of statistical significance of intergroup differences
when the distribution of indicator values conformed to the
law of normal distribution was evaluated using Student’s
t-criterion for unrelated samples. For indicators with non-
normal distribution, the nonparametric Mann-Whitney
U-criterion was applied. For indicators with normal dis-
tribution, the mean (M), error of mean (m), and standard
deviation (8) were calculated. Intergroup differences were
considered statistically significant at p < 0.05.

RESULTS

We analyzed the leukocyte dynamics in experimental and
control groups (at +20 + 1.0°C in experimental group | with
the cryopreservative and at —-20 + 1.0°C in experimental
group Il with the cryopreservative). The corresponding data
are presented in Table 1.

When analyzing leukocytic indices in both experimental
groups, compared to the control, a statistically significant
decrease in the number of leukocytes was noted. The most
pronounced decrease was observed experimental group |l
(3.94 + 0.87)x10%L (p < 0.01), against (4.55 + 0.83)x10%L in
experimental group | and (5.60 + 0.92)x10%L in the control,
respectively. Meanwhile, the value of mean cells was sig-
nificantly increased in both group | and group Il compared
to the control, indicating a decrease in leukocyte cell recog-
nition by the blood analyzer. Despite significant intergroup
differences, this index ranged within physiologic reference
values. The percentage of leukocyte preservation in blood
samples with the cryopreservative under study (tempera-
ture +20 + 1.0°C) was 81 = 0.89%, and 88.6 + 0.41% when
exposed to negative temperatures (<20 + 1.0°C).

Computer morphometry allows mathematical charac-
teristics of the cell population to be obtained, at the same
time as providing an opportunity to estimate the activity
of intracellular processes [23]. To assess the functional
state of cells, we analyzed computerized cytomorphom-
etry of leukocytes in the control group and experimental
groups (at +20 + 1.0°C in experimental group | with the
cryopreservative and at —20 + 1.0°C in experimental group

Total blood counts Con;rc;l 1goroup Experin:)e:tf(: group | Experim:zt;l)group 1
Leukocytes, x10%/L 5.60 + 0.92 4.55 + 0.83* 3.94 +0.87*
Lymphocytes, % 38.31 + 4.21 25.70 + 3.14 25.70 + 217
Granulocytes, % 56.20 + 5.23 5110 + 4.24 51.10 + 3.21
Percentage of medium-sized cells, % 6.20 + 1.43 10.20 + 1.47* 9.20 + 1.23*

Table prepared by the authors based on their own data

Note: data are presented as mean value and standard error of the mean (M + m);

* — statistically significant difference between control and experimental groups (o < 0.01)
* — statistically significant difference between experimental groups | and Il (p < 0.01)
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Il with the cryopreservative). The corresponding data are
presented in Table 2.

An analysis of the computer cytomorphometry data of
leukocytes showed that in group Il (samples with the cryo-
preservative frozen at =20 + 1.0°C), the optical density of
cytoplasm significantly increased up to 1.03 + 0.01 c.u.
both in comparison with the control, 0.66 + 0.01 c.u., and
experimental group |, 0.50 + 0.01 c.u. This might indicate
the increased permeability of endocellular cryoagents into
the cell.

Erythrocyte parameters were also analyzed in the
control group and experimental groups (at +20 + 1.0°C
in experimental group | with the cryopreservative and at
—20 + 1.0°C in experimental group Il with the cryopreserva-
tive). The corresponding data are presented in Table 3.

When performing the total blood analysis, values in-
dicating changes in quantitative and calculated indices
were obtained. Thus, a significant decrease in the level
of total blood hemoglobin in both experimental groups
(119.25 + 4.27 g/L and 111.64 + 4.42 g/L) compared to
the control group was observed. In addition, a decrease

in the average hemoglobin content in erythrocytes in both
experimental groups, compared to the control, was noted.
These indicators showed a decreasing trend. This indirectly
points to pre-dilution of the studied sample; however, it can
be said that the cryopreservative does not lead to critically
significant changes in blood components at room tem-
perature. The recorded decrease in both total hemoglobin
and its average content in cells indicates the processes of
increased transmembrane permeability, while these indica-
tors did not exceed the reference range of physiologically
acceptable values in the experimental groups.

The percentage of erythrocyte preservation in blood
samples with the cryopreservative applied (temperature
+20 + 1.0°C) was 89 + 0.2%, and 92.1 + 0.31% when ex-
posed to negative temperatures (-20 = 1.0°C). The con-
ducted computer cytomorphometry of erythrocytes in both
experimental groups, compared to the control, revealed a
significant increase in the cell area in group | (15 + 1.22 um2)
and group Il (22 + 1.45 pm?), compared to 14 + 2.1 pm?in the
control. The value of mean cell diameter tends to increase,
comprising 6.11 + 0.91 pm in group | and 9.04 + 1.34 ym

Table 2. Difference indices of computerized cytomorphometry of leukocytes in the study groups

Parameter Con:‘rzl 1g(;’oup Experin;‘e:tﬁ; group | Experimneztil)group 1
Cell area, pm? 70.00 + 4.16 59.00 + 5.23 60 +5.92
Cell form factor, % 1411 £5.12 18.01 + 3.84 16.7 + 4.33
Cell polarization index, % 0.16 £ 0.01 0.31 £ 0.01 0.14 + 0.01
Optical density of cytoplasm, conventional units 0.66 + 0.01 0.50 + 0.01* 1.03 + 0.01**
Nucleus area, pym? 52.00 + 5.32 40.00 + 4.88* 38 + 4.41*
Core form factor, % 14.30 + 3.41 1310+ 2.88 11.4 + 3.23
Core polarization, % 0.06 +0.01 0.02 + 0.01 0.25 + 0.01
Nuclear cell ratio, % 0.74 £ 0.01 0.68 + 0.01 0.63 + 0.01
Share of core complementation, % 0.04 £ 0.01 0.02 £ 0.01 0.05 £ 0.01

Table prepared by the authors using their ow data

Note: data are presented as mean value and standard error of the mean (M + m);

* — statistically significant difference between control and experimental subjects (p < 0.01)
+ — statistically significant difference between the 1st and 2nd experimental groups (p < 0.01)

Table 3. Erythrocytic parameters of TBC in the experimental groups

Total blood counts

Control group

Experimental group |

Experimental group Il

n=10 n=10 n=10

Erythrocytes, x10'2/L 4.62 +0.24 4.08 +0.22 3.75 + 0.41
Hemoglobin, g/L 131 +5.34 119.25 + 4.27* 111.64 + 4.42*
Average erythrocyte volume, fl 86.3 + 4.36 84.3 +4.11 81.7 + 3.47
Hematocrit, % 39.3 + 1.55 35.4 +1.45 32.2+1.27
Average hemoglobin content in erythrocytes, pg 28.5+0.3 26.2 + 1.47* 23.7 + 1.25*
Erythrocyte hemoglobin saturation, g/L 336 +29.74 311 + 23.37 305 + 19.89
Degree of erythrocyte size deviation, % 12.2 + 1.65 11.7 £ 1.44 10.5 + 1.47

Table prepared by the authors using their own data

Note: data are presented as mean value and standard error of the mean (M + m);
* — statistically significant difference between control and experimental groups (o < 0.01)
* — statistically significant difference between the 1st and 2nd experimental groups (o < 0.01)
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Table 4. Difference indices of computerized cytomorphometry of erythrocytes in the study groups

Parameter Control group Experimental group | Experimental group Il
n=10 n=10 n=10

Cell area, pm? 14 +£21 15 +1.22* 22 + 1.45%
Average cell diameter, ym 6.11 + 0.91 7.01 £1.12 9.04 +1.34
Form factor, % 0.16 + 0.01 0.31 +0.01 0.33 + 0.01
Polarization, % 0.66 + 0.01 0.50 + 0.01 0.47 +0.01
Integral optical density (red), ym? 52 +2.18 40 +2.25 38 +1.43

Integral optical density (green), pm? 14.3 +2.15 13.1 +1.49 121 £ 1.43
Integral optical density (blue), pm? 0.06 + 0.01 0.02 + 0.01 0.02 + 0.01

Table prepared by the authors using their own data

Note: data are presented as mean value and standard error of the mean (M + m);
* — statistically significant difference between control and experimental groups (p < 0.01)
+ — statistically significant difference between the 1st and 2nd experimental groups (o < 0.01)

Table 5. Platelet TBC indices in the study groups

Total blood counts Con;rzl 1gct”oup Experin‘;)e:tfcl‘ group | Experim:r;t:l(l)group 1l
Thrombocytes, x10%/L 230.08 + 6.31 198.60 + 5.36" 181.5 + 5.71*
Average platelet volume, fl 8.24 +1.31 7.56 + 1.47 6.13 + 1.54
Thrombocrit, % 2.23 +0.65 210+ 0.74 2.08 +0.14
Large thrombocyte ratio, % 17.38 + 3.31 21.24 + 2.36 20.12 + 3.51

Table prepared by the authors using their own data

Note: data are presented as mean value and standard error of the mean (M + m);

* — statistically significant difference between control and experimental groups (p < 0.01)
* — statistically significant difference between the 1st and 2nd experimental groups (o < 0.01)

in group ll, compared to 7.01 £ 112 pm in the control. The
increase in both the area and diameter of erythrocytes indi-
cates a possible increase in the permeability of the applied
cryoagent inside the cell. The corresponding data are pre-
sented in Table 4.

The conducted comparative analysis of platelet indices
found the number of platelets to decrease significantly.
Thus, in groups | and Il, this value was (198.60 + 5.36)x10%/L
and (1815 + 5.71)x10%L, respectively, compared to
(230.08 + 6.31)x10%L in the control. The decrease in the
number of cells was most likely caused by the increase in
the volume of the studied sample against the background
of cryopreservative application. At the same time, the co-
efficient of large platelets in both experimental groups in
comparison with the control group showed an increasing
trend (see Table 5).

The percentage of platelet preservation in blood
samples with the cryopreservative applied (temperature
+20 + 1.0°C) was 86.2 + 0.31% and 91.4 + 0.52% when ex-
posed to negative temperatures (=20 + 1.0°C). Presumably,
the cryopreservative activates platelets to some extent,
which is accompanied by their increase. However, all the
studied parameters were within the range of acceptable
physiological values. Therefore, we observed a reaction of
platelet adaptation to the impact of a foreign component,
i.e., cryopreservative.

The computer cytomorphometry of platelets in the ex-
perimental groups found a statistically significant increase
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in the cell area compared to the control. This parameter
was more pronounced in the samples of group | (with the
cryopreservative applied) at the level of 11.85 + 1.15 pm?,
compared to 912 + 112 pm? in group Il (with the cryo-
preservative applied and freezing). It should be noted that
despite significant intergroup differences, this index reflects
the platelet area activity with subsequent adaptation after
freezing. The marked changes were within the range of
physiologic reference values. The corresponding data are
presented in Table 6.

DISCUSSION

The conducted comparative analysis of TBC indices in the
experimental groups with the cryopreservative (regardless
of temperature conditions of blood sample preservation)
established a reliable decrease in the total number of leu-
kocytes. This finding might be related to changes in the
ratio of liquid part of blood and blood elements under the
conditions of cryopreservative application, as well as to the
decrease in leukocyte cell recognition by the blood analyz-
er. At the same time, a reliable increase in the percentage of
medium cells in samples with the preservation temperature
of =20 + 1.0°C was observed. It might be connected with
changes in the leukocyte morphology, indicated by chang-
es in the optical density of leukocyte cytoplasm revealed
by computer cytomorphometry. These changes may also
be associated with the action of the cryopreservative;
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Table 6. Computerized cytomorphometry of platelets in the study groups

Parameter Control group Experimental group | Experimental group Il
n=10 n=10 n=10
Cell area, ym? 7.70 +1.23 11.85 £ 1.15¢ 912 + 1.12*
Min. diameter, ym 2.65+0.15 2.83 +0.54 2,72 +0.71
Max. diameter, ym 4.08 £0.43 4.94 £ 0.33 4.81 +0.25
Average diameter, um 3.44 +0.27 3.92 +0.78 3.88 + 0.31
Form factor, % 12.90 + 2.10 14.87 + 2.88 13.10 £ 1.97

Table prepared by the authors using their own data

Note: data are presented as mean value and standard error of the mean (M + m);

* — statistically significant difference between control and experimental groups (o < 0.01)
* — statistically significant difference between the 1st and 2nd experimental groups (o < 0.01)

however, the samples subjected to freezing showed the
stability of the indicators.

The comparison of erythrocyte indices in the groups
with cryopreservative application, both under positive tem-
peratures and during freezing of samples, revealed a signif-
icant decrease in the total blood hemoglobin and average
hemoglobin content in erythrocytes. However, statistically
significant changes in erythrocyte concentration were not
revealed, which indicates the effectiveness of the applied
cryoprotectant. At the same time, according to the com-
puter cytomorphometry data, the increase in the erythro-
cyte cell area and the increasing trend of the average cell
diameter and erythrocyte shape factor in the samples with
cryopreservation and subsequent freezing, confirms the
transmembrane penetration of cryoagents inside the cells.

The dynamics of platelet indices showed the platelet con-
centration to statistically significantly decrease in cryopre-
served blood (+20 + 1.0°C), which is associated with chang-
es in the ratio of cells to the liquid part of the blood. A more
pronounced decrease in this index was noted in the samples
preserved under negative temperatures, compared to group
I (with the cryopreservative at a temperature of +20 + 1.0°C),
while its changes did not exceed the limits of physiological
norm. Thus, this blood preservation method can be used
in the formation of a cryopreserved bank of platelet hemo-
concentrate. The conducted computer cytomorphometry of
platelet cells demonstrated a statistically significant increase
in cell area. This increase might be explained by the fact that
platelets trigger activation processes in response to contact
with a foreign agent in the form of cryopreservative. At the
same time, in blood samples of group I, also with the cryo-
preservative but during freezing, we registered a less pro-
nounced increase in the platelet area. This can be explained
by the onset of adaptation processes to the cryopreservative
when exposed to negative temperatures; however, this ob-
servation requires further elucidation.

During preservation of blood samples with the devel-
oped cryopreservative for 24 h of storage at —20°C, the per-
centage of preserved blood cells, i.e., leukocytes, erythro-
cytes, and platelets comprised 88.6 + 0.41%, 92.1 + 0.31%,
and 914 + 0.52%, respectively. Importantly, the blood
cells maintained their physiological activity after thawing,
compared to the blood samples preserved at room tem-
perature. Similar experiments conducted by Kiryanova et
al. using a Cryosin solution as a cryopreservative showed
the percentage of preserved erythrocytes in the amount of

83.8 + 4.09% [24]. Works by Isaeva et al. aimed at assess-
ing the viability of nucleus-containing cells in leukoconcen-
trates at the stages of their obtaining and freezing achieved
the level of 86.7% cells in a viable state [25]. The research
team of Vetoshkin et al. conducted studies by freezing of
donor blood platelets using a combined cryopreservative
and obtained the preservation of their functional activ-
ity at a level of 63.5-88.8% [26]. Whole blood cells after
daily storage at —40°C were also studied, with the mor-
phological and functional preservation of cells amounting
to 85.3 + 0.30% for erythrocytes, 75 + 0.71% for platelets,
and 90.1 + 0.91% for leukocytes compared to the values
registered before freezing [27].

Shirokikh et al. studied the effect of polysaccharide
fractions on cryopreserved human venous blood and de-
termined a decrease in the osmolarity of human blood from
281 to 149 mOsm/L. This result was attributed to the in-
teraction of functional groups of polysaccharides with os-
motically active substances of blood plasma, leading to a
decrease in the osmolarity of the medium and acceleration
of water crystallization [28]. Lactulose (as well as other di-
saccharides) belongs to non-penetrating cryoprotectants.
Such compositions create osmotic pressure, which causes
dehydration of cells and reduces the degree of ice forma-
tion inside cells. The cryo-effect of lactulose is apparently
similar to that of trehalose disaccharide, which acts as an
inhibitor of ice crystal growth during freezing and recrys-
tallization of ice during thawing, forming a highly viscous
glass-like state [29]. Nevertheless, the cryoprotective effect
of lactulose has not yet been fully determined, requiring fur-
ther investigation.

The main results of our study are protected by the patent
for invention [30]. The advantages of using the developed
cryoprotectant include the possibility of long-term storage
without loss of cryoprotective properties and stabilization
of blood cell elements under sub-zero temperatures of
—20°C. The preparation of cryoprotectant does not require
bulky and expensive equipment, as well as toxic compo-
nents. Disaccharide lactulose is non-toxic compound, not
penetrating inside the cell.

CONCLUSION
Our studies have confirmed the possibility of successful

morphological and functional preservation of blood cells
with the proposed cryopreservative after 24 h of storage

MEOVLIHA OKCTPEMATTBHBIX CUTYALIAI | 2024, TOM 26, Ne 4



ORIGINAL ARTICLE | HEMATOLOGY

at —20°C. The developed cryopreservative is affordable (all
components are produced in the Russian Federation) and
effective for freezing blood samples at —20°C. This extends
the range of current cryopreservatives applied for analysis
of morphological and functional parameters of frozen whole
blood samples in large-scale studies and field medicine, for
storage of biomaterial in long-term expeditions and remote
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