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An excess of free radicals accompanies the development of renal pathologies and causes numerous
concomitant complications and syndromes. The most common of these are cardiometabolic syndromes in
patients with chronic kidney disease. Therefore, the purpose of the study was to determine the activity of
paraoxonase-1 and myeloperoxidase, which are associated with indicators of high-density lipoproteins con-
tent and oxidative stress in the blood of patients with the chronic stage of kidney disease. The activity of the
enzymes, thiobarbiturate-active products concentration and transferrin, ceruloplasmin, thiol compounds
content were determined in the blood of patients with chronic kidney disease. The oxidative status was shown
to be changed. Thus, myeloperoxidase activity, the content of oxidized proteins and the concentration of thio-
barbiturate-positive components were increased, while the activity of the antioxidant enzyme paraoxonase-1,
the content of transferrin, ceruloplasmin and thiol compounds were decreased. The ratio of myeloperoxidase
/ paraoxonase-1 activities was progressively increased up to 9-fold, indicating the presence of cardiovascular
complications in patients. The data obtained allowed to extend the range of indicators for monitoring the de-

velopment of cardiometabolic disorders in the progression of chronic kidney disease.
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xidative status is a dynamic combination of
O reactions that are mediated by oxidant and

antioxidant systems. There process on the
high level of organizing is important for whole-body
homeostasis. Kidneys have controlled this aspect of
human health. Oxidation and structural rearrange-
ment of enzymes, in particular on the surface of
lipoproteins, are the most common accompanying
factors that change oxidative status [1]. According-
ly, impaired lipoprotein metabolism occurs simul-
taneously or may precede chronic kidney disease
(CKD). Such established markers of oxidative sta-
tus changing as the renal specific are known [1, 2].
The oxidized proteins and transferrin (TR) are most
common in healthcare practice. Lipid peroxidation
in CKD can also characterize by the formation of
thiobarbituric acid reactive products (TBARP). The

oxidation of proteins in the composition of high- and
low-density lipoproteins (HDL, LDL) a cause of the
development of many pathological conditions, in
particular, arterial hypertension, which is a common
complication in CKD and other pathologies such as
diabetes and chronic inflammatory processes [2-4].
The qualitative state of the particles is determined
by the functional activity of the multifunctional en-
zymes. The paraoxonase-1 (PON-1, EC 3.1.8.1) is
associated with HDL. The enzyme has hydrolase,
arylesterase and lactonase activities. The most im-
portant functions of PON-1 are to protect lipopro-
teins from oxidative modification [5, 6].

PON-1 can form an associated complex with
myeloperoxidase (MPO, EC 1.11.1.7). MPO is a
heme-containing enzyme which is located in azuro-
philic neutrophil granules. It is released upon cell
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activation by external factors or internal mediators
and attaches to HDL fractions. Both enzymes par-
tially inhibit each other, reducing their affinity for
high-density lipoprotein particles. In addition to low-
and high-density lipoprotein modifications, MPO re-
duces the bioavailability of nitric oxide by attaching
chlorine radicals to nitric oxide synthase, arginine,
or directly oxidizing it [7].

Peroxidase activity is increased by infectious
and inflammatory processes, which in turn induces
the processes of free radical lipid oxidation and the
appearance of reactive oxygen species [8].

Currently, there is no unified list of prognos-
tic markers of renal disease, therefore, the study of
potential indicators of CKD is necessary and impor-
tant for their prevention and avoidance of secondary
complications. Therefore, our research aimed to in-
vestigate oxidative status, which includes indicators
of the qualitative status of lipoproteins and the index
of oxidative status in patients with CKD.

Materials and Methods

The venous blood samples were taken from 105
patients (42 women and 63 men, age — 18-55 years)
with CKD I- V stage (glomerulonephritis). The glo-
merular filtration rate was calculated using the CKD
EPI formula (KDIGO 2012).

When conducting clinical diagnostic and treat-
ment measures, they relied on diagnostic protocols
approved by the orders of the Ministry of Health
and the National Academy of Medical Sciences
of Ukraine, on the recommendations of KDOQI
and KDIGO on the diagnosis and treatment of
CKD. All patients were divided into three groups:
group 1 amounted to patients with CKD I-11 stage
(n = 35); group 2 formed patients with CKD IlI-IV
stage (n = 30); group 3 — patients with V stage CKD
(n = 40). The control group consisted of 30 healthy
persons of the same age. All participants gave in-
formed consent for the study before the procedure
of obtaining their blood. The study protocol (No 7
30.08.2016) was approved by the Commission on
Bioethics of Sl Institution of Nephrology NAMS.

Preparation of biological material. Blood from
the cubital vein without anticoagulant had been cen-
trifuged for 15 min at 1500 g and treated with serum.

Materials and reagents. Phenylacetate, ethyl-
enediaminetetraacetic acid (EDTA), 3,3-dimeth-
oxybenzidine (97%), 4-(aminobenzoyl)hydrazide
(95%) (Sigma-Aldrich, USA), tris(hydroxymethyl)
aminomethane, tris(hydroxymethyl)aminomethane

hydrochloride, malonaldehyde bis(diethyl acetal),
1.4-phenylenediamine dihydrochloride, human CP
solution, sodium fluoride, ferric ammonium citrate,
potassium iodide were obtained from Sigma-Aldrich
(USA). Trichloroacetic acid, thiobarbituric acid, and
sodium acetate were received from Merck (Ger-
many). Calcium chloride, sodium hydrogen phos-
phate, hydrochloric acid, potassium chloride, acetic
acid, iodine solution, sodium phosphate monosub-
stituted, bi-substituted and starch were obtained
from HLR (Ukraine). Transferrin was received from
BioChemica (Fluka).

Activity of enzymes. The activity of PON-1 is
determined by the amount of substrate (phenylace-
tate) used during the biochemical interaction, which
is measured at a wavelength of 270 nm. The samples
were diluted with the working solution before identi-
fication. The working solution contained the 20 mM
Tris-HCI buffer (pH 8.0) and 4 mM phenylacetate.
The absorption was expressed in kU/1 [9].

The activity of MPO is determined by the
oxidation of chromogenic substrate 3.3'-dimeth-
oxybenzidine (3.8 mM) during the biochemical
interaction, which is measured at a wavelength of
460 nm during 8 min at 23°C. The samples were di-
luted with the working solution before identification.
The working solution contained the 0,2 M Na,HPO,
buffer (pH 4.5) and 380 mM 3,3-dimethoxybenzi-
dine. In control samples, 4-(aminobenzoyl)hydrazide
(50 mM) was additionally added as an inhibitor of
MPO. The reaction was started by adding the sub-
strate (peroxide) in a concentration of 100 uM. The
absorption was expressed in mU/I [10].

Defining the index of oxidative status. The con-
tent of the protein carbonyl groups (PCG) in serum
blood was determined by the reaction of the oxidized
amino acid residues of 0.1 M 2,4-dinitro phenyl-hy-
drazine at 363 nm and PCG concentration was ex-
pressed as pmol/I [2].

The concentration of SH-groups. The 0.05 ml
of serum was dissolved to 0.5 ml with distilled water
and added 0.5 ml of 6 M potassium iodide solution,
2 drops of 5% starch solution and 1.8 ml of 0.1 M
phosphate buffer (pH 7.6). The absorbance was
measured by spectrophotometer KFK-3-01 (ZOMZ,
Russia) at 500 nm before and after the application
of 0.3 ml 0.001 N of iodine solution. The SH-groups
concentration was expressed as mmol/I [2].

TBARP concentration. The 0.1 ml serum was
added to 1.5 ml 0.025 M Tris-buffer with potassium
chloride (pH 7.4). These samples were incubated for
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30 min at 37°C; 1 ml 20% solution of trichloroacetic
acid was added and centrifuged for 15 min at 3000 g.
Supernatants (2 ml) were added to 1 ml of 0.8% so-
lution of thiobarbituric acid and heated for 10 min at
100°C. The absorption was measured using a spec-
trophotometer at 532 nm and TBARP concentration
was expressed as pmol/I [2].

TR concentration. The 0.2 ml of serum was
added to 2 ml of 0.2% solution of ammonium-iron
(11)-citrate (pH 5.5-5.8). TR concentration was cal-
culated as the difference between the absorbance of
the solution for 1 and 30 min, which was measured
using a spectrophotometer at 440 nm [2]. The human
TR was used as a standard. The result is expressed
ing/l.

CP concentration. The experienced samples
included 0.05 ml of serum, 4 ml 0.4 M of acetic
buffer solution (pH 5.5) and 0.5 ml 0.5% aqueous
solution of 1,4-phenylenediamine dihydrochloride.
The control sample had the same quantity of reagent
and biological materials but added additionally the
1 ml of 3% solution of sodium fluoride. All samples
were incubated for 1 hour at 37°C after it to the ex-
periment sample was added 1 ml of 3% solution of
sodium fluoride. The absorbance was measured by
spectrophotometer KFK-3-01 (ZOMZ, Russia) at
530 nm and CP concentration expressed in g/l [2].

Statistical analysis. The Kolmogorov-Smirnov
test for normality distribution and Student’s t-test,
nonparametric (U-test) Mann-Whitney and Pearson’s
rank correlation test were used for the statistical
analysis. Differences in values were considered sta-
tistically significant at P < 0.05. The result expressed
as the mean and standard deviation of the mean.

Results and Discussion

The activity of PON-1 and MPO was deter-
mined in the blood serum of patients with CKD
stage I-V using quantitative methods for determining
to characterize the state of lipoprotein [5, 9]. PON-1
is one of the important enzymes associated with
lipoproteins. The conducted research has shown
the tendency to decrease of arylesterase activity of
PON-I1 in the patients with CKD on 49.3% in the
first group, 38.5% in the second group, 37.2% in the
third group compared with practically healthy per-
sons (Table). The difference is statistically signifi-
cant between tree groups with control (P < 0.05) but
between second and third groups is absent which
means equal functional capability. These changes
may signal about losing antioxidant, antithrombotic,
anti-inflammation, and antiatherogenic properties of
enzymes as a component of HDL [11].

The pro-oxidant and pro-inflammatory HDL
particles were associated with increased odds of the
acute coronary syndrome and its manifestations in
individuals with CKD at high cardiovascular risk [12].

The antagonist of PON-1 is MPO, which
also associated with HDL in some period of there
metaboism. The second enzyme takes part in the
process of activation of the inflammation reac-
tion [7, 13]. Its activity increases two fold s in one
examined group with the patient on the terminal
state of CKD (Table).

The obtained value for CKD is forcing won-
der about future using for early diagnosis patholo-
gies. Significantly elevated cardiovascular morbidi-
ty related to disturbances in lipoprotein metabolism
whose consequences are dyslipidemia and the ac-

Indicators of oxidative stress in patients with chronic kidney disease stage I-V compared with conditionally

healthy donors (M £ m)

Indicators Control group, Patients with CKD | Patients with CKD | Patients with CKD
n=230 I-1l stage, n =35 | IlI-IV stage, n =30 | V stage, n=40
PCG, umol/Il 1132 £ 0.182% 2.085 £ 0.12* 2.0 +0.14* 2.25+£0.07*
TBARP, umol/I 128.05 + 21.03* 1157.97 + 282.2%* 290.58 + 53.90* 440.16 + 157.7*
TR, g/l 5.21 £ 1.02* 1.98 + 0.46* 211 +0.32* 1.84 + 0.31*
CP, g/l 0.22 £ 0.01 0.27 £ 0.04 0.33 £ 0.06* 0.23 £ 0.035
SH-groups, mmol/I 2.22 £0.02% 1.60 £ 0.22* 1.82 £ 0.16* 173 +£0.27*
MPO mU/I 74 + 11# 109.50 + 37.38* 119.88 + 34.2* 238.00 + 64.58*
PON-1 kU/I 5.98 + 0.65% 2.46 +£0.79* 3.52 £ 1.0* 4.09 £+ 1.04*

P < 0.05. *Changes are trustworthy compared with a group of practically healthy donors; *changes are trustworthy

compared with all groups of patients
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cumulation of atherogenic particles and mortality has
been observed in CKD. Cardiovascular diseases are
the most frequent cause of death of CKD patients
globally. Significantly elevated cardiovascular mor-
bidity and mortality have been observed in CKD [14].

MPO forms a complex with PON-1 in blood
circulation. PON-1 inhibits MPO activity by
oxidizing tyrosine-71. Consequently, an enzyme is
losing affinity with HDL [6, 13]. The polymorphous-
nuclear white blood cells release MPO from granu-
les and it can cause oxidative modification of other
enzymes and lipoproteins. The substrate for MPO
is hydrogen peroxide. It exhibits peroxidase activity
and can carry out two-electron oxidation of halogens
and pseudohalogens [7]. The oxidized form of ni-
tric oxide, nitric acid chloride can oxidize protein
and lipid components of lipoproteins. A nucleophilic
group replaces thiocyanate oxidation products. LDLs
with such metabolic transformations are captured by
macrophages through interaction with class A and
B scavenger receptors and are involved in the for-
mation of foam cells [15]. In this case, inactivation
of PON-1 in person who has a kidney disease may
promote atherogenesis and evoke secondary cardio-
vascular events [3, 16].

The quantitative methods for determining are
allowing revealing the level of functionally active
forms of MPO. A lot of diseases caused the inten-
sification of proteolytic and peroxide processes
quantities of structurally and, as the results, in-
jured proteins are formed [15, 17]. Oxidative stress
is described as an imbalance between antioxidants
and pro-oxidants. Increased oxidative stress is not
only the cause of such diseases like atheroscle-
rosis or heart failure but also one of the potential
contributing factors to aging [15].

MPO activation formed several active forms of
oxygen which can damage the macromolecules, lipo-
proteins, binding to endothelium for strengthening
aggravation inside the vessel and activating inflam-
mation [7]. MPO can be conjugated with CP. These
complexes may include also LDL. CP was presented
as an endogenic inhibitor of bromine and coloring
activity of enzymes [18].

The ratio MPO/PON-1 may be used for moni-
toring of this changing. The index calculated for pre-
diction of development of acute coronary syndrome
in patients with CKD of different stages [19]. The
ratio MPO/PON-1 soared 4.7 fold in patients with V
stage, 2.7 fold in patients with I11-1V stage and 2 fold
in patients with | stage of CKD in contrast with prac-

tically healthy donors (Fig.). Significant increasing of
ratio MPO/PON-1 in all groups with CDK signals
about a lot of peroxidation reactions, especially at
the first group which can be caused by the initializa-
tion of the pathological process. Nephrology, with
adequately tested effective interventions, are develo-
ped and population-level risks fall, has the potential
to benefit from large streamlined trials similar to
those that have led to advances in cardiology. The
variety of composite indexes and logical differen-
tiation of peroxidation reaction and reactions with
antioxidants can help diagnose the early changing
of kidney disease with cardiovascular risk [14, 20].

The arylesterase activity of PON-1 decreases
and MPO increases simultaneously with an increase
in the content of products of protein peroxidation,
in particular, TBARP in the blood serum by 317%,
215%, and 300%, respectively, in patients with the
stage I-11, 111-1V, and V CKD compared with the
group of practically healthy persons (Table). Atamer
and research group have similar results in the study
as the level of malondialdehyde was significantly
higher, while PON-1 activity was lower in CKD
than in controls. Consequently, patients with CKD
exhibit an oxidant-antioxidant imbalance which is
closely related to high levels of atherosclerotic risk
factors [4, 21].

Although the inverse relationship between
HDL level and risk of ischaemic heart disease was
proved by many epidemiological studies, the serum
PON-1 may be considered as a new therapeutic tar-
get while looking for new antiatherogenic drugs
for preventing the complications of atherosclerosis
(myocardial infarcts or strokes) [22, 23]. A lot of
factors of different genesis influence on evaluating
the risk of cardiovascular disease. For example, new
research by Zhang and Reilly shows how a high-
protein diet increases amino acids in the blood and
atherosclerotic plaques. Thus, thereby exacerbating
atherosclerotic-plaque build-up in genetically modi-
fied mouse models with suppressing mitophagy and
increasing apoptosis [24]. CKD is an important pub-
lic health problem in the world that is why a lot of
novel potential serum biomarkers of renal injury are
identifying. One research group proposes the heat
shock protein as potential biomarkers for CKD as
confirming a lot of factors of each form of kidney
disease [24-26].

The TR binds to iron and transports it all over
the body. Decreased level of this protein can signal
about iron deficiency anemia for a different group
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The ratio MPO/PON-1 in conditionally healthy donors (control group) and patients with CKD I-1I stage
(group 1), patients with CKD IlI-1V stage (group 2), patients with CKD V stage (group 3)

of disease, especially which conducted with kid-
ney [27]. The prevalence of iron deficiency is often
detected in patients with CKD. TR was decreased
in the observed groups and measured as 34.7, 42.8,
and 68.2% respectively from meaning in the control
group (Table). The receptor to transport protein is
overexpressed on the surface of many cancer cells
and its level in urine has also been related to a spe-
cific kidney disease of Henoch—Schoénlein purpura
nephritis . The formation of reactive forms of oxygen
species from transported ions by TR can play in this
process a crucial role [28].

Thiol compounds are the natural reservoir
of the reductive capacity of the cells [29]. Chronic
renal failure and CKD are accompanied by distur-
bances in the redox status of plasma thiols [30]. The
results showed that the SH-groups in the blood of
patients with CKD |-V stages decreased almost two
fold compared to conventionally healthy subjects
(Table). Data are predicted the expressed activation
of the processes of free-radical oxidation of protein
molecules in patients that would be increased of car-
bonyl products of free-radical oxidation of proteins
in the blood serum.

74

To sum up, oxidative status has changed in a
patient with CKD. Enzymes, which contained with
HDL, have changed their activity: PON-1 has de-
creased and, in contrast, MPO has increased on the
terminal stage. The ratio MPO/PON-1 was increased
up to 9-fold and signal about the risk of develop-
ment of acute coronary syndrome in such patients.
A statistically significant damaging of oxidant/
antioxidant balance in the blood serum (increased
content of TBARP and decrease SH-groups) were
characteristic of the patients with CKD stages I-V.
TR significant decrease was recorded in all investi-
gated groups which flagged about lesion of compen-
satory mechanism compared with healthy donors.
Analyzed indicators are expanding the spectrum of
indexes for monitoring and studying the early stage
of the kidney's pathological process.
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OKCUJATUBHUM CTATYC Y
HALOIEHTIB I3 XPOHIYHOIO
XBOPOBOIO HUPOK
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Hannumok BiTBHHX paauKaiiB CyIpPOBOIKYE
PO3BUTOK HUPKOBUX MATOJOTIH Ta 3yMOBIIIOE YHC-
JIEHH] CYNMYTHI YCKIagHEeHHs i cuHApomu. Haiimno-
IIUPEHIIIMHE 3 HUX € KapaioMeTa0oiqHi CHHIPO-
MH B TIAITIEHTIB 13 XPOHIYHOIO XBOPOOOI HHPOK.
Tomy Mmeroro mocmimkeHHS OyJlO BCTAHOBJICHHS
aKTUBHOCTI APAOKCOHA3M-1 Ta Mi€JIONEePOKCHIA3H,
SIKi TIOB’sI3aHi 3 JTIMONMPOTEeTHAMYM BHCOKOI T'yCTHHH,
Ta TMOKAa3HUKIB OKCHJIATHBHOTO CTPECY B KpPOBI Ma-
LI€HTIB 13 XpOHIYHOIO XBOPOOOIO HUPOK [-V cramiii.
VY BciX Mami€eHTIB i3 XPOHIYHOIO XBOPOOOI HUPOK
BH3HAYaJM AaKTUBHICTb EH3MMIB, KOHLEHTPALIiIO
Ti00apOiTypaTaKTUBHUX TMPOJYKTIB, BMICT TpaHC-
(hepuny, IepynoIa3Miny, TIOJOBUX CHONYK. Bera-
HOBJICHO, III0 OKHCJIIOBAJIBHUHN CTAaTyC 3MiHIOBaBCS:
CriocTepirayocs MiBUIEHHS aKTUBHOCTI Mi€eJore-
POKCHIa3H, OKUCICHUX MPOTETHIB Ta KOHIIEHTpAIii
Ti00apOITypaTIO3NTUBHUX KOMIIOHEHTIB. Y TOM
caMHuii 4ac TOKa3aHO 3HWKEHHS B KPOBI aKTHBHOC-
Ti MMapaoKCcoHa3u-1, BMICTy TpaHC(hepHHy, epyio-
MJIa3MiHy Ta TioNoBHX cronykK. CITiBBiHOIIEHHS
MI€JIONEePOKCHIa31/TTapa0KCOHA3H-1  TPOTpecuBHO
30impIryBaiocs 1o 9 pasis, O CBiIYXATH TPO Ha-
SIBHICTh CEPLEBO-CYAMHHUX YCKIAQJHEHb y TaKHX
namieHTiB. OnmepkaHi JaHi PO3MIMUPIOIOTH CHEKTP
MMOKa3HHKIB [IJI1 MOHITOPUHTY KapJioMeTadomid-
HUX TOPYIIEHb Yy pasi MporpecyBaHHS XPOHIYHOT
XBOPOOH HUPOK.

Kno4yoBi cJ0Ba: OKCUIATUBHUN CTATYC,
nmapaokcoHasa-1, MieJionepokcuia3a, XpoHiuHa XBO-
poba HEPOK.
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