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Objective: to study the electrokinetic and aggregation properties, as well as the pro-oxidant and antioxidant pro-
cesses in red blood cells following kidney transplantation in donors and in recipients in the postoperative period.
Materials and methods. Blood from 12 recipients and 5 kidney donors over time — before transplantation, as well
as at week 1, months 1, 2, 7, 10 and 12 after surgery, as well as from 8 healthy volunteers who formed the control
group. We used microelectrophoresis to measure the electrophoretic mobility of red blood cells, characterizing
the electrokinetic properties of cells. Aggregation was calculated microscopically by counting unaggregated red
blood cells. Malondialdehyde concentration was measured spectrophotometrically at its absorbance maximum at
530 nm by reaction with thiobarbituric acid. Catalase activity was analyzed by reducing hydrogen peroxide in the
sample spectrophotometrically at 240 nm wavelength. The obtained values were compared using the Mann—Whit-
ney U test. Results. Decreased electrophoretic mobility of red blood cells within 2 months after transplantation
was associated with increased malondialdehyde concentration and erythrocyte aggregation, decreased catalase
activity in kidney recipients, followed by restoration of indicators to the control values. Electrophoretic mobility
of red blood cells decreased, while malondialdehyde concentrations increased in donors after surgery. However,
the increase was less pronounced than in recipients. The changes indicate that the postoperative period causes
changes at the cellular level both in donors and in recipients. This is manifested by decreased stability of erythrocyte
membrane structure, which is largely determined by lipid peroxidation processes. At the systemic level, a change
in the electrophoretic mobility of red blood cells indicates a stress reaction before and after kidney transplantation
in recipients within 2 months after surgery, and in donors in 1-2 months in the postoperative period with gradual
increase in the body’s resistance. Conclusion. Kidney transplantation is manifested at the cellular and systemic
levels. At the cellular level, there is decreased stability of the membrane structure, which is largely determined
by lipid peroxidation processes. At the systemic level, a change in the electrophoretic mobility of red blood cells
indicates a stress reaction with gradual increase in the body’s resistance. The data obtained demonstrate changes
in the functional properties of red blood cells both in kidney transplant recipients and in donors. These changes
need to be taken into account when carrying out therapeutic measures.
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mia, and anemia are also considered as risk factors for
allograft dysfunction [6-8]. Besides, arterial thrombo-
sis and venous thrombosis are distinguished, which in
most cases occur in the first week after transplantation,
although they can also appear in a longer time frame [9].

It should be considered that renal toxicity, ischemia-
reperfusion injury and immunological disorders of the
kidney lead to increased formation of reactive oxygen

INTRODUCTION

Kidney transplantation is the best modality of renal
replacement therapy for patients with irreversible acute
and chronic kidney diseases [1]. The life expectancy
of patients with a transplanted kidney exceeds that of
those treated with hemodialysis and peritoneal dialysis.
It provides a high quality of life [2, 3]. However, organ
transplantation continues to be a complicated surgical

procedure with the risk of developing several major com-
plications [4]. Cardiovascular disease is the most com-
mon cause of morbidity and mortality in patients with
a transplanted kidney [5]. Incidence of acute rejection
crises, arterial hypertension, proteinuria, hyperglyce-

species [10]. In addition, some immunosuppressants in-
crease oxidative stress, especially compounds from calci-
neurin inhibitors, and thus indirectly increase the risk of
complications [11-12]. Impaired oxidative balance plays
a huge role in the patient’s homeostasis. Pathogenesis of
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arising and developing disorders in this case includes
oxygen deficiency, activation of free radical oxidation —
lipid peroxidation stimulation, which leads to changes
in the structure and function of cell membranes, damage
to cellular and subcellular structures, and aggravation of
the pathological state [13, 14]. Metabolic, circulating
and hemodynamic factors have a greater impact on the
functional state of the kidney graft of the post-traumatic
period [15].

The functional state of red blood cells of kidney
donors and recipients in the postoperative period was
analyzed considering that red blood cells (RBCs) play
an important role in maintaining oxygen homeostasis in
the body, which, if disrupted, causes tissue hypoxia with
development of free radical processes. At the same time,
we could not find studies on the state of red blood cells in
kidney recipients. Moreover, there is scarce information
on the state of donors not only at the cellular, but also at
the organ level. The aim of this work was to study the
electrokinetic, aggregation properties, as well as the pro-
oxidant and antioxidant processes in red blood cells of
kidney donors and recipients in the postoperative period.

MATERIALS AND METHODS

The study investigated the blood of kidney recipients
and donors in the postoperative period. Kidney explan-
tation and transplantation operations were carried out
at Volga Regional Medical Center, Federal Medical and
Biological Agency (FMBA), where such medical in-
terventions have been performed since 2006 [16]. All
patients gave their voluntary consent in a form approved
via executive order No. 517n of the Russian Ministry of
Health, dated August 11, 2017. The study was approved
by the local ethics committee of FMBA. The study in-
cluded 12 patients aged 40 to 54 years, who underwent
kidney transplantation. Five people donated their kid-
neys, and 8 people were healthy volunteers who made
up the control group. Blood for analysis was taken from
the median cubital vein over time — before surgery, at
postoperative week 1, at postoperative month 1, 2, 7,
10, and 12.

Electrokinetic and aggregation properties were deter-
mined by measuring the RBC electrophoretic mobility
and via optical measurements of RBC aggregation. RBC
electrophoretic mobility was determined by microelec-
trophoresis using a cytoferometer in our modification
[17]. The time it took the RBCs to travel a distance of
100 pm was recorded in a Tris-HCI pH 7.4 buffer at 8
mA current intensity. The RBC electrophoretic mobility
magnitude was determined by the formula: U = S/TH,
where S is the distance covered by the cells, T is the
time taken by the cells to cover a distance of S, H is the
potential gradient. The magnitude of the potential gradi-
ent was determined by the formula: H = I/gy, where I is
the current intensity, g is the chamber cross section, and
y is the specific electrical conductivity of the medium.
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RBC aggregation was studied by optical microscopy by
counting single RBCs and their aggregates (Derjugina,
2006). A blue dextran T-2000 solution (GE Healthcare
firm, 20 mg/mL) in a Tris-HCI buffer (pH 7.4) was used
as an aggregation stimulator. The washed RBCs were
diluted with a dextran solution (at a 1:10 volume ratio)
and the number of non-aggregated RBCs was counted
in the Goryaev’s chamber. The total number of RBCs
in the sample was counted in an isotonic NaCl solution.
The level of aggregation (A) was calculated by the for-
mula: A =100% — (the number of free (non-aggregated)
RBCs x 100%/total number of RBCs).

Pro-oxidant and antioxidant properties of RBCs were
evaluated by malondialdehyde (MDA) levels and activity
of catalase in RBCs [18]. Serum MDA levels in RBCs
were determined spectrophotometrically at 530 nm ab-
sorption maximum during reaction with thiobarbituric
acid. Molar extinction coefficient (E = 1.56 x 10° M~
'em™) was used to calculate serum MDA level. Catalase
activity was analyzed by reducing hydrogen peroxide
(H,0,) in the sample. Measurements were carried out
spectrophotometrically immediately after addition of
H,0, in the sample cuvette and 20 seconds after addition
at 240 nm wavelength.

The data obtained is presented as mean values +
mean error. The obtained values were compared using
the Mann—Whitney U test. Differences between groups
were considered significant at <0.05 significance level.

RESULTS AND DISCUSSION

Results of studies have shown that in kidney trans-
plant recipients, RBC electrophoretic mobility was si-
gnificantly reduced relative to the physiological norm
within two months after surgery. It was then restored to
the level of the control group (Fig. 1). It should be noted
that RBC electrophoretic mobility also reduced prior to
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Fig. 1. Dynamics of electrophoretic mobility of erythrocytes
in patients with kidney transplantation

Note. Here and in other figures: bt — before transplant; at —
after transplant; * — statistically significant differences to
control (p < 0.05)
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Fig. 2. Dynamics of electrophoretic mobility of erythrocytes
of kidney donor

surgery. Kidney donors had reduced RBC electrophoretic
mobility at postoperative month 1 and 2 (Fig. 2).

Decreased RBC electrophoretic mobility under vari-
ous extreme influences and conditions is a reflection of
the general nonspecific reaction of the body to a stimulus
and a stress-response severity criterion [19, 20]. Analysis
of RBC electrophoretic mobility reveals changes in adre-
nal functional activity and diagnoses of the direction of
processes associated with activation or inhibition of non-
specific stress resistance of the body [20, 21]. Moreover,
decreased RBC electrophoretic mobility accompanies
activation of the sympathoadrenal system, whereas its
increase is associated with activation of the pituitary-
adrenal system and higher resistance of the body [21].
Thus, RBC electrophoretic mobility at different stages
of the postoperative period reflects a stress response in
recipients and donors, which is recorded before month
2, with gradual activation of stress-regulating reactions
and triggering of adaptive mechanisms at month 7 after
operation.

RBC surface charge determines the aggregation cha-
racteristics of cells, which have a significant role in blood
flow under microcirculation conditions. A study of RBC
aggregation properties revealed that kidney transplant
recipients had increased RBC aggregation at month 2 of
the post-transplant period (p <0.001) (Fig. 3). In kidney
donors, the RBC aggregation properties did not statisti-
cally significantly change (Fig. 4).

In turn, RBC surface characteristics are determined
by the properties of cell membranes, whose state large-
ly depends on pro-oxidant and antioxidant processes.
A study of Serum MDA levels showed that in kidney
transplant recipients, MDA red blood cells concentrati-
on before month 2 was significantly higher than that of
the control group (Fig. 5). Subsequent measurements of
Serum MDA levels from month 7 revealed no differen-
ces from the physiological norm. It was shown that in
kidney donors, increased levels of MDA were observed
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Fig. 3. Dynamics of aggregation of erythrocytes in patients
with kidney transplantation
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Fig. 5. The concentration of malone dialdehyde in erythrocy-
tes in patients with kidney transplantation

on postoperative day 7-30, followed by restoration to

normal values (Fig. 6).
In turn, analysis of catalase activity in RBCs showed
that the activity decreased in kidney recipients during
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the first month after surgery (p = 0.0040) (Fig. 7). No
changes in catalase activity were observed in kidney
donors (Fig. 8).

Analysis of results indicates that, during kidney trans-
plant surgery, there is decreased RBC electrophoretic
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Fig. 6. The concentration of malone dialdehyde in erythrocy-
tes of kidney donor
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Fig. 7. The activity of catalase of erythrocytes in patients
with kidney transplantation

200
-
)
2 100 4
= 100
=
-]
50 4
OIIIIIII
2 ®8 ®8 ®8 ® ® 7B
%mmmmmf:.‘
g 2 =z <= £ £ =
= 38 3 § § § G
-~ g & & E
=

Fig. 8. The activity of catalase of erythrocytes of kidney
donor

mobility, accompanied by increased aggregation and
lipid peroxidation. In kidney donors, decreased RBC
electrophoretic mobility is less pronounced and occurs
against a background of increased serum MDA levels.
Intensification of lipid peroxidation of cell membranes
leads to compaction or destruction of the lipid bilayer,
increased microviscosity, impaired functional activity of
enzymes, changes in membrane permeability and surface
charge, which can affect cell viability [22]. At the same
time, it should be noted that decreased RBC negative
charge reduces the suspension stability of blood and
increases RBC aggregation, which slows down blood
flow and ultimately leads to adverse changes in mac-
rorheological blood parameters [23]. Since the studied
groups had no increased catalase activity in response
to increased oxidative stress, it can be assumed that the
observed changes are mediated by the body’s systemic
response. Thus, activation of the sympathoadrenal sys-
tem is accompanied by increased formation of reactive
oxygen species during adrenaline autoxidation [24].
Interaction of adrenaline with RBC receptors activa-
tes phospholipases and increases lipid peroxidation. A
breach in the structure of RBCs would lead to lower
ability to effectively participate in tissue perfusion and
oxygen delivery to cells.

Ischemia leads to decreased energy metabolism due to
depletion of macroergic phosphate reserves. Subsequent-
ly, perversion of specific intracellular metabolism, distur-
bances in enzymatic activity, intensification of anaerobic
glycolysis, and pH changes are observed. Changes in
enzymatic activity under hypoxia destabilize cell memb-
ranes and organelle membranes. This reduces membrane
permeability, disrupts the functioning of ion pumps, and
causes intracellular electrolyte disturbances. Normally
functioning transplant cells reduce in number [15].

It is known that cell metabolism under ischemic con-
ditions leads to lysis of cell membranes with the release
of a large number of enzymes and vasoactive substances
negatively affecting the recipient’s state [25].

In turn, restoration of RBC electrophoretic mobility
reflects decreased stress response and is observed with
increased activity of the pituitary-adrenal system [26].
Cortisol plays a key role in maintaining homeostasis
of the entire hypothalamic-pituitary-corticoid complex,
which is responsible for development of non-specific
mechanisms of the body’s reactivity [27]. Corticosteroids
cause an antioxidant effect [28], and it can be assumed
that decreased serum MDA levels are mediated by in-
creased corticosteroid concentration during development
of adaptation processes.

So, this study has shown that kidney transplantation
comes with some consequences both at the cellular and
at the systemic level. At the cellular level, decreased
stability of the membrane structure, which is largely de-
pendent on lipid peroxidation processes, leads to reduced
RBC electronegativity. At the systemic level, changes in
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RBC electrophoretic mobility indicates a stress response
with gradual increase in body resistance. Data obtained
suggests there are changes in the functional properties
of RBC:s in kidney recipients and donors, which must be
taken into account in therapeutic interventions.

The authors declare no conflict of interest.
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