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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 dimethyl 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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Введение. Криоконсервация позволяет длительно сохранять биоматериал, однако существует ряд проблем, связанных с недостаточной эффек-

тивностью криоконсервантов и токсичностью ряда криокомпонентов, в связи с чем актуален поиск низкотоксичных биосовместимых криоагентов.

Цель. Оценка морфофункциональных особенностей форменных элементов крови в криоконсерванте с лактулозой на основании показателей 

лейкоцитарных, тромбоцитарных и эритроцитарных параметров для хранения цельной крови при умеренно низкой температуре (–20 °С).

Материалы и методы. Исследование проведено на 30 добровольцах-донорах женского пола в возрасте 18–23 лет. Объект исследования — пе-

риферическая венозная кровь, стабилизированная 3-замещенной калиевой солью этилендиаминтетрауксусной кислоты. При приготовлении 

модельного криоконсерванта был использован 0,9 % раствор хлорида натрия для поддержания изотонической концентрации. В качестве 

крио протекторов, проникающих в клетку, использовали глицерин и диметилсульфоксид, в качестве не проникающего — дисахарид лактуло-

зу. Оптимизация состава криоконсерванта проводилась за счет варьирования массовых долей компонентов. Общий анализ крови выполняли 

на автоматическом гематологическом анализаторе «Гемалайт 1270». Компьютерное цитоморфометрическое исследование проводили на аппа-

ратно-программном комплексе «МЕКОС-Ц2».

Результаты. В ходе исследования в условиях сохранения образцов крови с применением разработанного криоконсерванта после 24 ч хранения 

при температуре –20 °С увеличивался процент сохранности лейкоцитов, эритроцитов, тромбоцитов (88,6 ± 0,41, 92,1 ± 0,31, 91,4 ± 0,52% соответ-

ственно) с сохранением форменных элементов крови в физиологически активном состоянии после оттаивания по сравнению с образцами крови, 

сохранявшимися при комнатной температуре.

Выводы. Выявлена морфологическая и функциональная сохранность форменных элементов крови в образцах с применением разработанного 

криоконсерванта после 24 ч хранения при температуре –20 °С. Преимущества данного криоконсерванта: возможность его длительного хранения 

без потери криопротекторных свойств, обеспечение криопротектором стабилизации форменных элементов крови к воздействию субумеренно 
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низкой температуры –20 °С, применение нетоксичного дисахарида лактулозы, не проникающего внутрь клетки. Разработанный криоконсервант 

является эффективным в условиях замораживания при –20 °С и доступным (все компоненты производятся на территории Российской Федерации). 

Исследования в данном направлении позволят более эффективно использовать аутодонорство во избежание ряда осложнений при трансфузии 

компонентов крови.

Ключевые слова: криоконсервация; криопротекторы; эритроциты; лейкоциты; тромбоциты; лактулоза; морфофункциональные свойства

Для цитирования: Власов А.А., Андрусенко С.Ф., Анфиногенова О.И., Эльканова А.Б., Каданова А.А., Сорокина У.Е., Рыбчинская Э.Е., Доменюк Д.А. 
Использование лактулозы при криоконсервировании клеток крови для персонализированной терапии. Медицина экстремальных ситуаций. 
2024;26(4):141–148. https://doi.org/10.47183/mes.2024-26-4-141-148

Финансирование: исследование не имело спонсорской поддержки.

Соответствие принципам этики: исследование одобрено этическим комитетом Северо-Кавказского федерального университета (протокол 
№ 002 от 11 июля 2024 г.). Все участники подписали добровольное информированное согласие на участие в исследовании.

Потенциальный конфликт интересов: авторы заявляют об отсутствии конфликта интересов.

 Власов Александр Александрович alecs-aspirini@yandex.ru

Статья поступила: 30.09.2024 После доработки: 07.11.2024 Принята к публикации: 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 I 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 II 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 (DMSO) 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 DMSO) 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  µL 
was added to the samples of experimental groups I and 
II 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 I samples were examined at +20 ± 1.0°C. Group II 
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 

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 (δ) 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 I with 
the cryopreservative and at –20  ±  1.0°C in experimental 
group II 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 II, 
(3.94 ± 0.87)×109/L (p < 0.01), against (4.55 ± 0.83)×109/L in 
experimental group I and (5.60 ± 0.92)×109/L in the control, 
respectively. Meanwhile, the value of mean cells was sig-
nificantly increased in both group I and group II 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 I with the 
cryopreservative and at –20 ± 1.0°C in experimental group 

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

Total blood counts
Control group 

n = 10
Experimental group I

n = 10
Experimental group II

n = 10

Leukocytes, ×109/L 5.60 ± 0.92 4.55 ± 0.83* 3.94 ± 0.87*

Lymphocytes, % 38.31 ± 4.21 25.70 ± 3.14 25.70 ± 2.17

Granulocytes, % 56.20 ± 5.23 51.10 ± 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 (р < 0.01)
♦ — statistically significant difference between experimental groups I and II (р < 0.01)
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II with the cryopreservative). The corresponding data are 
presented in Table 2.

An analysis of the computer cytomorphometry data of 
leukocytes showed that in group II (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 I, 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 I with the cryopreservative and at 
–20 ± 1.0°C in experimental group II 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 I (15 ± 1.22 µm2) 
and group II (22 ± 1.45 µm2), compared to 14 ± 2.1 µm2 in the 
control. The value of mean cell diameter tends to increase, 
comprising 6.11 ± 0.91 µm in group I and 9.04 ± 1.34 µm 

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

Parameter
Control group

n = 10
Experimental group I

n = 10
Experimental group II

n = 10

Cell area, μm2 70.00 ± 4.16 59.00 ± 5.23 60 ± 5.92

Cell form factor, % 14.11 ± 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, сonventional units 0.66 ± 0.01 0.50 ± 0.01*♦ 1.03 ± 0.01*♦

Nucleus area, μm2 52.00 ± 5.32 40.00 ± 4.88*♦ 38 ± 4.41*♦

Core form factor, % 14.30 ± 3.41 13.10 ± 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 (р < 0.01)
♦ — statistically significant difference between the 1st and 2nd experimental groups (р < 0.01)

Table 3. Erythrocytic parameters of TBC in the experimental groups

Total blood counts
Control group 

n = 10
Experimental group I

n = 10
Experimental group II

n = 10

erythrocytes, ×1012/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 (р < 0.01)
♦ — statistically significant difference between the 1st and 2nd experimental groups (р < 0.01)
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in group II, compared to 7.01 ± 1.12 µm 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 I and II, this value was (198.60 ± 5.36)×109/L 
and (181.5  ±  5.71)×109/L, respectively, compared to 
(230.08 ± 6.31)×109/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 

in the cell area compared to the control. This parameter 
was more pronounced in the samples of group I (with the 
cryopreservative applied) at the level of 11.85 ± 1.15 µm2, 
compared to 9.12  ±  1.12 µm2 in group II (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; 

Table 4. Difference indices of computerized cytomorphometry of erythrocytes in the study groups

Parameter
Control group

n = 10
Experimental group I

n = 10
Experimental group II

n = 10

Cell area, μm2 14 ± 2.1 15 ± 1.22* 22 ± 1.45*♦

Average cell diameter, μm 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), μm2 52 ± 2.18 40 ± 2.25 38 ± 1.43

integral optical density (green), μm2 14.3 ± 2.15 13.1 ± 1.49 12.1 ± 1.43

integral optical density (blue), μm2 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 (р < 0.01)
♦ — statistically significant difference between the 1st and 2nd experimental groups (р < 0.01)

Table 5. Platelet TBC indices in the study groups

Total blood counts
Control group

n = 10
Experimental group I

n = 10
Experimental group II

n = 10

Thrombocytes, ×109/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 2.10 ± 0.74 2.03 ± 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 (р < 0.01)
♦ — statistically significant difference between the 1st and 2nd experimental groups (р < 0.01)
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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 II, 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 91.4  ±  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 

Table 6. Computerized cytomorphometry of platelets in the study groups

Parameter
Control group

n = 10
Experimental group I

n = 10
Experimental group II

n = 10

Cell area, μm2 7.70 ± 1.23 11.85 ± 1.15* 9.12 ± 1.12*♦

Min. diameter, μm 2.65 ± 0.15 2.83 ± 0.54 2.72 ± 0.71

Max. diameter, μm 4.03 ± 0.43 4.94 ± 0.33 4.81 ± 0.25

Average diameter, μm 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 (р < 0.01)
♦ — statistically significant difference between the 1st and 2nd experimental groups (р < 0.01)
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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 

areas. The works carried out in this direction contribute to 
the development of effective blood donation approaches, 
allowing complications in transfusion of blood components 
to be mitigated.

In our opinion, lactulose deserves further study as a 
cryocomponent for ensuring the safety of blood cells dur-
ing long-term storage periods.
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