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eab. PazpaboTtaTh TEXHOJIOTUIO AUATHOCTUKYU UILIEMUYECKU-PETNepdy3NOHHOTO MOBPEXIEHUS B MTOCTTPAH-
CTUTAHTALlMOHHOM TEpHMOJIe Ha OCHOBE HapylleHUi OajlaHca MPO-aHTMOKCUIAHTHOTO COCTOSIHUSI OpraHuM3Ma pe-
LUMKUEHTA.

Marepnan n Meroapl. M3ydeHbr pe3ynbTaTsl 00caenoBaHus 60 MaIMeHTOB ¢ XPOHUIECKOM OOJIe3HBIO TTOUEK
(XBII) 5 cranuu. Bcem BbimosiHeHa miepecagka Mmouku. OlieHMBaIu OajiaHC MPO-/aHTUOKCUIAHTHOTO COCTOSTHUS
opraHM3Ma MeTOIOM JIIOMMHOJI3aBUCUMON xeMumtoMuHecueHmu (JI3XJI) muasmel KpOBM 10 Olepaliuy U uyepes 24
yaca mnocie onepauuu. st udydyeHus: BIUSHUSI aHECTE3UOJOTMYECKOT0 MOCOOUST M ONEpPaTHBHOIO BMELIATEIbCTBA
Ha COCTOSIHME TpO-/aHTUOKCUIAHTHOIO OajaHca OopraHM3Ma MCCJIefoBaiu rpynmny naiueHToB (n=20), KOTOpbIM
BBITIOJTHSITIOCH TIJIAHOBOE OTEpaTUBHOE JICYEHUE TI0J] O0IIeil aHecTe3neii.

Pe3syabraTel. BoisiBieHO, 4TO Iepecajka IMOYKM BhI3bIBaeT y mauueHToB ¢ XBII 5 cTtamuu yxe B TeueHue
MEPBBIX CYTOK 3HAYMMOE CMellleHre OaaHca Mpo-/aHTUOKCUIAHTOB B CTOPOHY MPOOKCUIAHTOB U 3HAUUMOE CHU-
>KEHWE MOIIIHOCTM aHTHUPAJAMKAJIbHON CUCTeMbl opraHusma. [1pu aHanu3e ypoBHs GanaHca Mpo-/aHTHOKCUIAHTOB
M MOIIHOCTM aHTMOKCHUIAHTHOW CUCTEMBI OpTraHW3Ma B TPyIIie TMAIlMeHTOB C HeMeIIeHHON (YHKIMEH TpaHC-
mnanTara (H®T) mokasarenp 0agaHca MMpo-/aHTUOKCUAAHTOB B ITEPBBIE CYTKU ITOCIIE ornepaunun pasHsuicsa 24,0%
[11,9; 44,6]%, a MOIIHOCTh aHTUOKCHUAAHTHOM CHCTeMBI cocTtaBisia 35,8% [12,7; 40,8]%. B rpynme mauyeHTOB
¢ 3aMmemieHHON (yHKuueir TpaHcmiantata (3MT) B mepBble CYTKM IOCIEONEePAllMOHHOTO TepHUoa BBHISIBJIEHO
6osee 3HAUMMOE CMellleHe OalaHca B CTOpoHy mpookcuaanToB no 10,7% [6,1; 19,2]1%  (p=0,011), ¢ wucroie-
HUEM aHTHMOKCHUAAHTHOW CHCTeMbI opraHuama no 12,7% [6,1; 29,31% (p=0,024). B rpyrre nmauueHToB, IepeHec-
LIMX TJaHOBOE OMNMEPaTMBHOE JieUeHUe, B MOCIeonepallMOHHOM TMEPHOAe 3HAYMMOIO M3MEHEHHUs B MOKa3aTelsx
MPO-/aHTUOKCUIAHTHOTO OanaHca Iia3Mbl KPOBU HE HaOJ0AaI0Ch.

3akmouenne. OnpeneneHre TSKECTU HMIIEMUYECKH-pernep@y3MOoHHON TpaBMbl y MAllMEHTOB TOCJE Tiepe-
CallKu TMOYKM MOXKET TIPOM3BOAUTLCS Ha OCHOBAHWM BBISIBJICHUSI HapylleHW OanxaHca Mpo-/aHTUOKCUIAHTHOTO
COCTOSIHMSI M TIOKa3aTesisl MOIIHOCTY aHTMOKCUAAHTHOM CHCTEMbl OpraHM3Ma peLUIMeHTa, YTO pacliupsieT aua-
THOCTUYECKKME BO3MOXHOCTU PAHHETro OMpeAeeHUs] pucKa Pa3BUTUSI OTCPOUYEHHOUN (PYHKIIMM TpaHCIJIaHTaTa.

Karouesvie crosa: mpancnaanmayus nouKu, NOCMMmMpAHCHAGHMAYUOHHbIL Nepuood, umeMu4ecKu-penep@ysuonnas
mpaema, OMCPOYeHHAas QYHKYUS MPAHCHAAGHMAMA, 6AAAHC NPOAHMUOKCUOAHMHO20 COCMOAHUS, MOMUHOA3ABUCUMAS
XeMUAOMUHECUEHYUSA, XPOHUUECKAas NOYeuHAs HeAOCMamoYHOCMb

Objectives. To develop diagnostic technology of the reperfusion injury due to imbalance of pro-/antioxidant
state of recipient in the post-transplant period.

Methods. The examination results of 60 patients with the stage 5 chronic kidney disease (CKD) have been analyzed.
Kidney transplantation has been performed in all patients. The balance of pro-/antioxidant state of the organism was
assessed by the method of luminol-dependent chemiluminescence (LDCL) of the blood plasma before the surgery and 24
hours after it. To study the influence of anesthetic support and surgery treatment on the state of pro-/antioxidant balance,
the group of patients (n=20) was examined who underwent the scheduled surgery treatment under general anesthesia.

Results. The kidney transplantation has been found out to cause a significant shift in the balance of pro-/
antioxidants to pro-oxidants and a significant reduction of the potency of antiradical body system within the patients
with the stage 5 CKD during the first 24 hours already. When analyzing the pro-/antioxidant balance level and the
capacity of antioxidant organism system in the group of patients with the immediate graft function (IGF), the index
of pro-/antioxidant balance in the first day after the surgery was 24.0 [11.9; 44.6]%, and the capacity of antioxidant
system was 35.8 [12.7; 40.8]%. In the group of patients with the delayed graft function (DGF) in the first 24
hours in the postoperative period a more significant balance shift to pro-oxidant up to 10.7 [6.1; 19.2]1% (p=0.011)
was detected, the antioxidant organism system was exhausted up to 12.7 [6.1; 29.3]% (p=0.024). There were no
significant changes identified in the indices of pro-/antioxidant balance level of the blood plasma within the group
of patients who underwent the scheduled surgical treatment in the postoperative period.

Conclusions. The determination of the severity of reperfusion injury within the patients after kidney
transplantation can be performed on the basis of detection of pro-/antioxidant state imbalance and the potency
index of the organism antioxidant system that expands the diagnostic possibilities of early risk detection of the
delayed graft function.

Keywords: kidney transplantation, postoperative period, reperfusion injury, delayed graft function, balance of
pro-/antioxidant state, luminol-dependent chemiluminescence, chronic renal insufficiency
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Introduction

Transplantation of organs and tissues is an
actively developing trend in Belarusian medicine. In
2014, in the Republic of Belarus the transplantation
activity made up 43.6 operations per 1 million
people. For example: in Poland this figure composes
40, in Lithuania — 22, in Russia — 9.8, in Ukraine —
2.2 [1].

Any transplantation of an organ is accompanied
by a reversible cessation of its blood flow, which
leads to ischemia of the organ followed by
reoxygenation after inclusion into the bloodstream.
Thus, primary for transplantation is ischemic and
subsequent reperfusion trauma (IRT) of a donor
organ of varying severity. The reperfusion injury is
a multicomponent pathology that affects an early
and long-term function of the allograft. A decrease
in the severity of reperfusion injury is known to
lead to suppression of excessive expression of
transplantation antigens, adhesion molecules, pro-
inflammatory cytokines and, as a result, to the
reduction in the immunogenicity of the graft [2].
According to the literature data, severe cases of IRT
occur up to 30% of all cases, which is accompanied
by epithelium necrosis of the nephron tubules
with the development of the graft dysfunction [3].
Delayed graft function (DGF) is an important
clinical problem, occurring in 6-78.4% of cases
[4, 5]. However, the pathogenetic mechanisms
of developing the graft dysfunction are not fully
understood, despite the high scientific interest
and practical significance. It is known that in the
pathogenesis of the primary non-functioning graft
along with immunological factors, a number of
non-immune links take part, the leading role among
which belongs to the reperfusion injury [6, 7].

Most of clinical and instrumental signs and
laboratory data being determined are not strictly
specific for verifying the causes of the kidney
transplant dysfunction. Currently, the most
reliable in the differential diagnosis of not only
pathological, but also functional processes occurring
in the kidney transplant, are the morphological
methods of investigation. However, a number
of morphological changes are not always strictly
specific for a particular type of complications. On
the other hand, the technique itself is invasive and
has the risk for developing complications. Due
to the fact that the morphological study requires
much time, the results of biopsy will warn clinicians
about the already developed morphological changes.
In fact, the diagnosis of the evolving processes
is belated. Currently, there are not many non-
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invasive, accurate and fast-performing methods
for diagnosing the renal transplant dysfunction [8].

Description of the techniques maximally
reflecting the pathogenetic mechanisms of the
organ transplant dysfunction development and
allowing early diagnosis of these disorders in the
existing literature is not available. In turn, the timely
diagnosis and adequate correction of the revealed
homeostatic disorders during organ transplantation
in many respects determine the success of the
surgical intervention.

Experimental and clinical studies indicate a
correlation between the activity of the processes of
peroxidation and antioxidant protection of the body
with the functional state of the kidney graft, and also
emphasize the need for further research in the field
of reperfusion injury due to the limited data available
[9]. The pathogenesis of organ disorders occurring and
developing during ischemia and reperfusion includes
oxygen deficiency, activation of free radical processes —
stimulation of lipid peroxidation (LPO) leading
to the change in the structure and function of cell
membranes, as well as the change in the antioxidant
properties of the organism [2]. The activation of free
radical oxidation (FRO) is known to be a universal
nonspecific reaction of the body, which is necessary
to ensure normal metabolic and adaptive processes
in the body [10]. At the same time, violation of the
balance between the intensity of pro-oxidant and
antioxidant processes leads to the development of
oxidative stress, when the response activation of
antioxidant systems is not able to prevent the harmful
effects of pro-oxidants, In the given situation, cellular
and subcellular structures are damaged by FRO
products with aggravation of the pathological process
course. Therefore, in clinical practice, evaluation of
pro-/antioxidant balance can be used to monitor the
course of the pathological process and to optimize
treatment tactics. Due to the multicomponent
nature of the redox system, the determination of its
individual indicators does not give an idea of whether
the identified changes are compensatory in nature or
reflect the development of oxidative stress, that is, to
assess whether it is a balance or an imbalance [11, 12].

In this regard, particular importance belongs to
improving the methods of assessing the balance of
the body’s pro-/antioxidant system, which reacts to
the inclusion of an ischemic donor organ into the
bloodstream of the recipient. Intensively developing
methods for monitoring the state of the organism’s
reactivity include the chemiluminescence method
for determining pro-/antioxidant blood balance. This
method of luminol-dependent chemiluminescence
(LDCL) makes it possible to determine the nature
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of the disorders and the degree of compensation
in the pro- system of antioxidants. The level of
luminol-dependent chemiluminescence (LDCL)
on the one hand is known to be determined by the
formation of free radicals (FR), and on the other —
it depends on the level and activity of antioxidants
(AO) in the system [13].

Thus, despite the urgency of the problem, at
present there is no unified approach to diagnosing
the balance of the pro-/antioxidant state of the
organism in reperfusion injury, as well as methods
for determining the severity of reperfusion injury
in the post-transplant period. Graft dysfunction
is an important factor determining the short-term
and long-term survival of the transplant; therefore,
the development of methods for the earliest “non-
invasive” diagnosis of this condition has a high
scientific and practical significance.

Objectives. To develop diagnostic technology
of the reperfusion injury due to imbalance of pro-/
antioxidant state of recipient in the post-transplant
period.

Methods

The examination results of 60 patients with
chronic kidney disease (CKD) of the stage 5
(group “T”), who were being treated in the surgical
department (transplantation, reconstructive and
endocrine surgery) of SE “Republican Scientific and
Practical Center of Radiation Medicine and Human
Ecology” were analyzed. All patients underwent
the kidney transplantation. The age of the patients
composed 45.5 [37; 54] years, there were 32 males
(53%) and 28 females (47%). The clinical study
was conducted in accordance with the Helsinki
Declaration (1975) with the informed consent of
patients and approved by the ethics committees of
SE “Republican Scientific and Practical Center of
Radiation Medicine and Human Ecology” and EE
“Gomel State Medical University”. To determine
the effect of anesthetic management and surgical
intervention on the state of pro-/antioxidant balance
of the body, a group of patients undergoing a routine
surgical treatment under anesthesia (group “D”)
was examined. This group consisted of 20 patients
operated on for the postoperative ventral hernia (14
patients), as well as patients with obesity who were
performed abdominoplasty (6 subjects).

Laboratory studies were performed on the
basis of the laboratory of cellular technologies of
SE “Republican Scientific and Practical Center
of Radiation Medicine and Human Ecology”.
The state of the pro-/antioxidant balance was
assessed by the method of luminol-dependent
chemiluminescence (LDCL) of the blood plasma
before the operation and 24 hours after the

operation. The registration of LDCL of the blood
plasma was carried out for 5 minutes on a Cary
Eclipse FL1002M003 (Variant, USA) fluorometer /
spectrophotometer with automatic determination
of the maximum luminescence intensity (Imax)
and the light-emission sum of chemiluminescence
(S). The result was expressed as a percentage of the
degree of oppression of the control glow flare. The
entire process of registration of the LDCL plasma
and the processing of the results are carried out
automatically, which increases the accuracy and
objectivity of the information obtained. The received
data were processed in accordance with the software
package applied to the instrument and the results
were fixed in figures and graphically.

The main index of LDCL, the degree of
suppression of the luminescence intensity (Imax)
of the blood plasma, was calculated by the formula:
((Imax -Imax )/Imax,)x100%, where Imax, is
the LDCL luminescence intensity of the control
mixture, where Imax_ is the LDCL luminescence
intensity of the material (plasma) . This indicator
reflects the interaction of pro- and antioxidants
in the patient’s body, i.e. the balance between the
components of the pro-/antioxidant system.

The value of the light-weight sum of
chemiluminescence (S) was also calculated
according to the the formula: ((S,-S,)/S,)*x100%,
where Sk is the LDCL glow luminescence sum
of the control mixture, So is the LDCL glow
luminescence sum of the test material (plasma).
The degree of oppression of the LDCL light sum of
LDCL in the presence of biological material (blood
plasma) reflects the power of antioxidant protection
of the organism.

This approach to assessing the pro-/antioxidant
balance of the blood plasma allows to level the
fluctuations in the LDCL values associated with the
use of reagents of different firms, and to compare
the results obtained in different laboratories and
using different biological material [6].

All patients were divided into two groups
with delayed (DTF) and immediate (ITF) kidney
transplant function. Kidney DTF criteria are
creatinine concentration in the blood of more than
300 umol / 1 on the 7t day after the operation and /
or the need for one or more dialysis sessions in the
postoperative period. Kidney ITF is characterized
by the release of urine from the first day after the
operation, with the level of the creatinine of the
blood on the 7" day less than 300 umol / ml [8].

The obtained data were processed with the
help of the program “Statistica 6.1” (StatSoft, GS-
35F-5899H). The normality of the data obtained
was determined using the Shapiro-Wilk’s test.
Quantitative parameters are presented as median
(Me) and interquartile range (25" (LQ) — lower
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quartile and 75" (UQ) — upper quartile). A
nonparametric method of statistical analysis was
used: the Fisher exact criterion (for analyzing the
differences between two independent groups by
qualitative characteristics), the Wilcoxon criterion
(for analyzing the differences of two dependent
groups by the quantitative characteristic), the
Mann-Whitney U-test criterion (for analyzing the
differences between two independent groups on a
quantitative basis). The critical level of significance
of the null statistical hypothesis was assumed to be
equal to and less than 0.05.

Results

Patients of the study groups had no significant
differences in sex (Fisher-test, p = 0.583), age
(Mann-Whitney U-test, p = 0.719, z = -0.360).
Also studied groups were comparable in duration of
the operation (Mann-Whitney U-test, p = 0.378,
z = -0.881), which is presented in Table 1.

The study found that the stability of the balance
of pro-/antioxidants in the blood plasma in patients
with terminal CKD before the surgery was 34.5 [18.6;
52.5]% and the power of the antioxidant system was
31.1[20.5; 53.9]%. Within 24 hours kidney transplan-
tation in this group of patients (group “T”) caused a
significant shift in the balance of pro-/antioxidants
to 19.5 [10.5; 36.3]% (Wilcoxon test, p = 0.028,
z = 2.203) and a significant reduction in the power

of the antiradical system to 25.4 [11.4; 38.9]1% (Wil-
coxon test, p = 0.044, z = 2.012) (Table 2).

The results of the study of the patients of group
«D» indicated the absence of a significant change
on the pro-/antioxidant balance of the blood plasma
in the postoperative period (Table 3).

The preoperative balance of pro-/antioxidants
in patients in group “D” was at the level of 57.9
[39.4; 67.6] %, the power of the antioxidant system
was 58.1 [51.5; 77.7]1%. On the following day after
surgery, the pro-/antioxidant balance level in these
patients was 44.3 [43.8; 54.6]% (Wilcoxon test,
p = 0.63, z=1.86) and the power of the antiradical
system remained at the level of 57.6 [52.4; 64.1]%
(Wilcoxon test, p = 0.94, z = 0.078).

In the group of patients who underwent a kid-
ney transplant with DTF, there were 20 patients,
and ITF there were 40 patients. The level of cre-
atinine in the group with DTF on the 7th day was
significantly higher than in the group with ITF (480
[398, 642] umol/ml and 147 [116, 194] umol/ml,
respectively, Mann-Whitney U-test, P <0.001,
z = 4.222). When analyzing pro-/antioxidant bal-
ance indicators in the first day of the postoperative
period, the following results were obtained in these
patients (Table 4).

So the level of balance of pro-/antioxidants in
patients with ITF in the first 24 hours after the op-
eration was 24.0 [11.9; 44.6]%, and the power of the
antioxidant system was 35.8 [12.7; 40.8]%. While

Table 1
Characteristics of groups (Me [Q,; Q..])
Indicator Group «D» Group “T”
Sex: males/females (%) 11 (55) /9 (45) 32 (53) /28 (47)
Age, years 46 [31; 61] 45.5[37; 54]
Duration of the operation, min 160 [127.5; 200] 175 [145; 215]
Table 2

Indicators of pro- /antioxidant balance of the blood plasma of patients in “T” group (Me [Q25; Q75])

Indicator

Before operation After operation

Imax, %
S, %

31.1 [20.45; 53.9]

34.5[18.6; 52,5] 19.45[10.5; 36.3]°

25.4[11.4; 38.85]°

Note: * — significant compared to the value before the operation at p<0.05.

Table 3

Indicators of pro- /antioxidant balance of the blood plasma of patients in “D” group (Me [Q,s; Q..])

Indicator Before operation After operation
Imax, % 57.9 [39.4; 67.6] 44.3 [43.8; 54.6]
S, % 58.1 [51.5; 77.7] 57.6 [52.4; 64.1]

Table 4
Indicators of pro- /antioxidant balance of the blood plasma of patients
in “T” group 24 hours after the operation (Me [Q,.; Q..])
Indicator ITF, n=40 DTF, n=20

Imax, % 24.0 [11.9; 44.6] 10.7 [6.1; 19.2]*
S, % 35.8 [12.7; 40.8] 12.7 [6.1; 29.3]*

Note: * — significant compared to the value in the ITF group, p<0.05.
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in patients with DTF, the level of pro-/antioxidant
balance was significantly lower than that of patients
with ITF and was 10.7 [6.1; 19.2]% (Mann-Whitney
U-test, p = 0.011, z = -2.559). The power of the
antioxidant system was also significantly lower in
patients with DTF compared with the value in pa-
tients with ITF and was 12.7 [6.1; 29.3]1% (Mann-
Whitney U-test, p = 0.024, z = -2.257).

Discussion

Despite the urgency of the problem, up to the
present time in the Republic of Belarus there have
been no studies devoted to studying the balance of the
pro-/antioxidant state of the organism in IRT in the
post-transplant period after kidney transplantation.
Also, there have been no results of studies aimed
at developing early prognostic criteria for graft
dysfunction based on the severity of the reperfusion
injury. There are studies devoted to assessing the
state of the oxidation-reduction system in the
postoperative period after kidney transplantation
based on the technique for measuring the potential
of the platinum electrode with an open circuit in the
plasma or serum. The method shows the difference
of potentials on different days of the postoperative
period and is used to monitor the pathological
process (graft dysfunction, infectious complications)
[12]. There are not so many works devoted to this
subject in the international literature, and the vast
majority is experimental in nature [14]. At the
same time, the researchers study the transplant IRT
only on individual biomarkers of lipid peroxidation
activation, malondialdehyde, 8-isoprostane, and the
level of antioxidant defense of the body according
to the concentration of glutathione, S-transferase,
catalase and so on. In some publications, these
biomarkers were generally considered to be isolated
from each other, which according to modern ideas
about the functioning of the antioxidant system of
the organism (or processes of free radical oxidation)
is not entirely correct [6, 14, 15].

Until now, the LDCL method has been used
to study various components of the organism’s
redox system: both for assessing the overall
antioxidant activity, total anti-radical activity of
the biomaterial, and for evaluating the activity of
free radical processes [11]. We have developed the
method for recording LDCL, which permits us to
evaluate both components of free radical reactions
(activation of lipid peroxidation processes (pro-
oxidants) and parameters of antioxidant protection,
i.e. antioxidants). As a result of the interaction of
pro- and antioxidants (pro-/antioxidant balance),
we used the intensity of luminescence of LDCL
(Imax) of the blood plasma. Having estimated the
parameters of LDCL of the blood plasma in patients

with CKD of the terminal stage before and 24 hours
after kidney transplantation, having compared the
obtained data with the clinical picture (restoration of
diuresis) and the classical parameters of the function
/ dysfunction of the transplant (creatinine level),
the evaluation of the parameters of LDCL blood
plasma, in particular , the level of suppression of
LDCL luminescence (Imax) can be used as early
markers of the graft dysfunction.

The decrease in the LDCL intensity (Imax)
in the early postoperative period after kidney
transplantation according to the results of our studies
indicates the intensification of the processes of free
radical oxidation with reactive activation of the
antioxidant defense system and subsequent depletion
of its components. These processes characterize the
onset of oxidative stress development due to the
increase in the blood of unoxidized metabolites
formed in an ischemic donor organ. As a result of
transplant reoxygenation, a cascade of free radical
processes is activated, requiring a certain level and
the activity of the antioxidant defense system in
the recipient organism. The results of our study
indicate a significant decrease in total antioxidant
activity (S), which reflects the degree of activity and
concentration of antioxidants in the blood plasma
of recipients, which characterizes the depletion of
antioxidant reserves and a decrease in the ability
to react to the activation of free radical oxidation.

In patients operated on for the postoperative
ventral hernia and obesity in the postoperative
period, there was no significant change in the pro-/
antioxidant balance of the blood plasma, indicating
a minimal impact of anesthesia and an operational
trauma on balance stability. This can be explained by
compensatory mechanisms in the group of patients
of this profile.

Additionally, the presented method is easy to
be performed, sensitive and easily applicable in any
healthcare institution where there is a biochemical
laboratory equipped with a device for recording
superweak luminescence and does not require a
large amount of biological material. All reagents
used can be prepared in any clinical-diagnostic
laboratory.

Conclusions

1. The proposed technique can be used to assess
severe reperfusion injury in patients in the early
post-transplant period.

2. Reperfusion injury of the donor organ during
kidney transplantation already during the first day
causes the exhaustion of components of antioxidant
protection of the recipient organism.

3. The proposed method extends the diagnostic
capabilities of risk early detection of kidney
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transplant dysfunction, which will allow for timely
preventive therapy and, thereby, will improve the
short-term and long-term survival of the transplant.

The work was carried out in accordance with
the research plan of EE “Gomel State Medical
University”.
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