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Abstract  The features of the enzyme system of red blood cells during long-term storage were studied. 80 doses of 

erythrocyte mass of various storage periods were examined. In erythrocytes washed with physiological solution (pH 7.2), the 

following values were determined: methemoglobin content, hexokinase activity, glucose-b-phosphate dehydrogenase, 

glutathione reductase, catalase and K +, Na + dependent ATPase of erythrocytes. The traditional storage of erythrocyte mass 

for 30 days has been revealed, accompanied by the development of oxidative stress and hemolytic processes in the cells, 

which lead to a violation of the morphofunctional usefulness and viability of blood cells by 7-14 days of storage. 
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1. Введение 

According to domestic and foreign studies, at present 

there is a tendency to increase the use of blood and its 

preparations in practical medicine, in particular, using of 

erythrocytic mass [2,5,6]. The latter becomes the main 

means of transfusion treatment of acute and chronic anemic 

conditions. The erythrocytic mass is the main cell substrate 

approximating to whole blood in its composition, functional 

properties and therapeutic efficiency [7,8]. However, in the 

erythrocyte mass, as in whole blood, significant changes 

occur during the preservation process. Storage of red blood 

cells at + 4°C adversely affects the course of metabolic 

processes in red blood cells. Also, during storage, conditions 

that contribute to the activation of lipid peroxidation 

processes are created. In a normally functioning cell, this 

process is effectively suppressed by the antioxidant defense 

system, in which catalase plays the main role [9,10,11]. 

However, progressive acidification of the blood due to the 

accumulation of lactate during storage has an inhibitory 

effect on the enzyme. Low pH also adversely affects the 

activity of key glycolysis enzymes and the pentose 

phosphate cycle. At the same time, the ability of red blood 

cells to utilize glucose is reduced. Due to the fact that the 

enzymes of glucose metabolism are associated with the 

membrane, the intensification of lipid peroxidation (lipid 

peroxidation) and a change, as a result of this, in the lipid 

environment of glycolytic enzymes affect their activity. 

These same factors, together with a decrease in ATP 

concentration due to a decrease in metabolic activity, affect 

the activity of ion transport enzymes, primarily K, Na +  
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-ATPase [12,13,14]. These changes can not only reduce the 

effectiveness of blood transfusions with red blood cells, but 

also contribute to the development of post-transfusion 

complications associated primarily with disorders of 

microcirculation in the lungs, kidneys, and liver.  

The purpose of this research work was to study the 

effect of different retention times of canned red blood cell 

mass on the biochemical properties of red blood cells. 

2. Material and Research Methods 

We analyzed 80 doses of washed red blood cells with 

different storage periods. The main object of research is red 

blood cells of donated blood. In erythrocytes washed with 

physiological solution (pH 7.2), the following values were 

determined: methemoglobin content (F.I. Ataullakhanov   

et al., 1984), the level of free plasma hemoglobin was 

determined by V.V. Menshikov, (1987), hexokinase and 

glucose activity β-phosphate dehydrogenase glutathione 

reductase (Kochetov G.A., 1980). Antioxidant activity was 

judged by catalase. The activity of erythrocyte catalase (CT, 

µkat/l) was determined by the method of M.A. Korolyuk 

(1988). 

The results were statistically processed using the Statistica 

6.1 application package. The Student's t-criterion was used to 

evaluate the reliability of differences between groups. 

Spearman's correlation analysis was used. The critical value 

of p significance level was assumed to be 0.05. 

3. Research Results and Discussion 

In a study of erythrocytic mass obtained from donors,   

an inverse relationship was found between the level of 
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hemoglobin and the duration of storage - the longer the 

storage time, the less hemoglobin in the dose. At the same 

time, the level of free hemoglobin, on the contrary, increased 

as the duration of storage of red blood cells increased (Table 

1). So, after 14 days, the free hemoglobin level increased 1.8 

times compared to the initial indicators. After 30 days, the 

concentration of free hemoglobin reached its maximum 

values and exceeded the initial results by 43 times. High 

values of free hemoglobin in the erythrocyte mass can 

adversely affect the functional state of platelets and enhance 

its adhesive-aggregation state (V.V. Lebedev, 2013). 

Therefore, storage of erythrocytes for more than 30 days 

leads to changes in their quality characteristics, which is 

manifested by an increased degree of erythrocyte hemolysis 

and a decrease in the amount of hemoglobin in the dose. 

The progression of LPO in late storage is likely due to an 

increasing deficiency of antioxidant defense factors. Thus, in 

erythrocyte mass on the 21st and 30th days of storage a 

decrease in catalase activity by 33% and by 57% relative   

to the initial parameters was observed. In erythrocytes it 

increased to 14 days and then decreased. This condition can 

also be caused by changes in morphological characteristics 

of cells during erythrocyte storage. At the same time, cells 

with worse morphological characteristics are destroyed. 

Table 1.  Dynamics of indicators of enzymatic systems of carbohydrate metabolism of red blood cells during storage 

Index 
Исходные 

данные 
7 суток 14 суток 21 суток 30 суток 

Free hemoglobin (g / l) 0,044±0,002 0,051±0,001 0,079±0,001* 1,46±0,12* 1,88±0,24* 

Catalase (conditional unit) 1,68±0,18 1,72±0,11 1,93±0,18 1,12±0,12 0,73±0,14* 

Methemoglobin, (%) 1,13±0,12 1,66±0,18 2,68±0,17* 3,87±0,27* 4,67±0,35* 

Activity G-6-FDG 

(μM / min / g HB) 
0,5±0,03 1,56±0,12* 2,04±0,16* 0,63±0,16 0,24±0,14* 

Glutathione reductase activity 

(μM / min / gNv) 
21,13±1,97 24,13±1,76 38,42±2,05* 12,13±1,12* 6,78±0,51* 

The activity of K +, Na + dependent 

ATPase (μmol / min / gNv) 
0,55±0,05 0,64±0,07 0,71±0,05 * 0,14±0,02* 0,08±0,01* 

Hexokinase Activity 

(Mmol glucose / min / gNv) 
0,12±0,05 0,34±0,04* 0,47±0,03* 0,15±0,03 0,08±0,01* 

Note: * -reliability of differences in comparison with the initial results P <0.05 

The study of erythrocyte condition indicators reveals 

changes that testify to the appearance of high rate of 

methemoglobinogenesis in the cell population (Table 1). The 

growth of methglobin formation rate in erythrocytes along 

with the insufficiency of their reduction systems can be 

accompanied by increased fixation of MetHb in the 

structural components of the membrane, forming a 

membrane-bound hemoglobin (MbHb), which changes the 

structural and functional state of erythrocytes. 

It is known that the non-enzymatic oxidation of 

hemoglobin (Fe2+) in methemoglobin (Fe3+) leads to 

one-electronic oxygen recovery and the appearance of 

reactively capable anion radical - superoxide O2~, which is a 

precursor of other active forms of oxygen peroxide: 

hydrogen peroxide H2O2 and hydroxyl radical OH'. In 

erythrocytes, as in most cells, there is a thiol-containing 

tripeptide - glutathione (corneramyl-cystenyl-glycine). The 

reduced form of glutathione (G-SH) contains an SH-group, 

which can serve as an electron donor in reduction reactions. 

Under the action of the enzyme glutathione peroxidase 

reduced glutathione converts a molecule of hydrogen 

peroxide into a molecule of water, and itself goes into an 

oxidized state (G-SS-T). Regeneration of the reduced 

glutathione is ensured by glutathione reductase, using 

hydrogen hydrogenated NADPH as a donor. For 

erythrocytes, the only source of NADPH is the 

pentosophosphate pathway. The interaction of reduced 

glutathione with hydrogen peroxide in erythrocytes protects 

cysteine residues in hemoglobin protomers from oxidation. 

In our studies, glutathione reductase levels rise to 14 days 

and then fall sharply. Similar dynamics have been observed 

with respect to glucose-6-phosphate-degrogenase in 

erythrocytes. At low activity of glucose-6-phosphate 

dehydrogenase the concentration of reduced coenzyme 

NADPH decreases, resulting in a sharp decrease in the 

concentration of reduced glutathione, and in the cell, 

respectively, increases the number of active oxygen forms. 

In this case, the oxidation of SH-groups of hemoglobin 

molecules in red blood cells leads to the formation of 

cross-disulfide bonds and aggregation of hemoglobin 

protomers with the formation of Heinz cells. In the presence 

of Heinz cells, the plasticity of the membrane is impaired and 

the membrane loses its ability to deform when erythrocytes 

pass through the capillaries and causes damage to the 

integrity of erythrocyte membranes. 

As can be seen from the presented research results, the 

activity of regulatory enzyme glycolysis in erythrocytes 

increases reliably up to 14 days of storage of erythrocyte 

mass, then decreases sharply, thus indicating a decrease    

in energy production in the form of ATP. A low level of 

macroerg in red blood cells affects the membrane enzyme  

K +, Na + dependent ATP-zy, the dynamics of which is 

directly dependent on the activity of hexokinase and 

indicates morphological changes in red blood cells. The 
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obtained results allow to consider changes in carbohydrate 

metabolism indices in red blood cells as a result of changes 

in intracellular pH and temperature. Deterioration of 

erythrocyte mass quality when stored for a long period of 

time can be mediated by an increase in the level of active 

oxygen forms due to a decrease in the activity of erythrocyte 

antioxidant enzymes. It can be assumed that under the 

influence of POL products erythrocyte membrane damage 

occurs.  

4. Conclusions 

1.  The traditional storage of red blood cells for 30 days is 

accompanied by the development of oxidative stress 

and hemolytic processes in the cells. 

2.  Identified violations in the enzyme system of red 

blood cells lead to a violation of the morphofunctional 

usefulness and viability of blood cells by 7-14 days of 

storage. 
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