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rNyTaTMOHOBOM aHTMOKCUAAHTHOM CUCTEMbI M aKTUBHOCTb pepMeHTOB — nocTaslynkoB NADPH, a Takke ypoBeHb TpaHCpopMUMpytoLLero ¢pakTopa
pocTa-B1 v aMnuaHbIii npoduab nauneHToB. MaTepuansl U MeToAbl. B cciegosaHum npuHuMano yvactme 60 naumeHTos (19 My»uuH u 41 eH-
WMHa, cpeaHuii Bo3pacT — 65,6+9,3 roga) ¢ XM v C/J, 2 Tuna. MauueHTsl 66111 pasgeneHsl Ha 2 rpynnbl. Mepsas rpynna nayMeHToB HaxXoAWAach
Ha 6asuncHoM siedeHnn (=30, 8 MyXUMH 1 22 KeHIWMHBI, CPeAHWI BO3pacT — 64,1+7,9 roaa); BTopas rpynna y4acTHukos (n=30, 11 My»4uH u
19 eHwWMH, cpegHumit BospacT — 69,0+10,5 roga) AononHUTENBHO K 6a3UCHOI Tepanuu nosyyana 2 Mr MeaToHMHa. KOHTpO/IbHYO rpynny co-
CTaBMAM 65 NpaKTUYECKM 340POBbIX L, (30 My>KUMH 1 35 XKeHLWMH, cpeaHUi BospacT — 42,3+17,7 roga) ¢ HOpMasbHbLIMK MOKasaTenaMu obLero
1 6MOXMMUYECKOrO aHaNN30B KpoBU. B xoae paboTbl 6bl1 OCYLLECTB/IEH aHA/IM3 KAMHUKO-6MOXMMUYECKMX NOKa3aTenein u amnuaHoro npoduns
B CbIBOPOTKE KPOBU, YPOBHA TpaHCcpopMupytolero ¢akTopa pocta-f1 MeTo40M MUMMYHOGEPMEHTHOMO aHaMn3a, aKTUBHOCTU GepMEHTOB rayTa-
TMOHOBOW aHTUOKCUAAHTHON cucteMbl 1 NADPH-reHepupytowmnx ¢epMeHTOB cnekTpodpoToMeTpuyecknm MeTosoM. PesynbTatsl. [puMeHeHne
MeNaToHWHa Ha ¢poHe 6a3NCHOrO JIeYEHNS MO CPABHEHWIO CO CTaHAAPTHOM Tepanueil Cnoco6CTBOBaNO CHUKeHUIO npoTenHypun (p=0,01), runep-
ravkemmn (p=0,019), KoHLeHTpaumu MoyesmHbl (p=0,043), rankuposaHHoro remorno6uHa (p=0,045) n TpaHchopMumpytowero paktopa pocta-pi
(p=0,020) y nayuneHTos c XBIM. Kpome TOro, Mcnosib3oBaHWe A4aHHOrO NpenapaTa OKa3biBasio BO34eMCTBME HA IUMWAHbIN NPOdUIb U NPUBOAUIO
K BO3pacTaHUI0 aKTUBHOCTU GePMeHTOB FyTaTMOHOBOW aHTUOKCUAAHTHON cucTeMbl, pepMeHToB — nocTaswmnkos NADPH, yTo oTpaxaeT 3¢-
¢$eKTMBHOCTL GOPMUPOBAHNA KOMMNEHCAaTOPHOro OTBeTa B YC/I0BUAX aKTUBaLMKU CBO6OAHOPaANKaNbHOrO OKUC/IEHNA Ha PpOHe rUneprinKeMmn.
3akntouyeHue. HabaogaeMble B X0ze UCC/Ie40BaHNA Pas/Inyns, O4EBUAHO, 6bIAN BbI3BaHbI AeNCTBMEM MeNAaTOHWHA, AJ/18 KOTOPOro xapakTepeH
HedpOMNpOTEKTOPHBIN U FMNOrINKEMUYECKUI 3G PeKTbl, CMOCOBHOCTL HelTpasM30BbIBaTh CBOGOAHbBIE PajnKabl U aKTUBU3MPOBaTb GYHKLMOHU-
poBaHMe KOMMOHEHTOB aHTUOKCUAAHTHOM CUCTEMBI.

KnroyeBble cA0Ba: xpoHuyeckas 60ne3Hb noyek, caxapHbiii duabem 2 muna, OKUCAUMEAbHBIL CMPecc, aHMUOKCUOaHMHas cucmema, Meaamo-
HUH, mpaHcgopmupyrouuli pakmop pocma — 81
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Abstract

Aim. The aim of the work was to assess the effect of combination therapy with melatonin on the clinical and biochemical parameters of chronic kidney
disease (CKD) and type 2 diabetes mellitus (DM), the level of transforming growth factor-p1, lipid profile, activity of the glutathione antioxidant
system enzymes and the activity of NADPH-generating enzymes in patients. Materials and methods. The study involved 60 people (19 men and
41women, average age 65.6 + 9.3 years) with chronic kidney disease associated with type 2 diabetes. The patients were divided into 2 groups. The first
group of patients received basic treatment (n = 30, 8 men and 22 women, mean age 64.1+ 7.9 years); the second group of participants (n = 30, 11 men
and 19 women, mean age 69.0 + 10.5 years) received 2 mg of melatonin in addition to the basic therapy. The control group consisted of 65 apparently
healthy individuals (30 men and 35 women, average age 42.3+17.7 years) with normal indicators of general and biochemical blood tests. In the course
of the work, the analysis of clinical and biochemical indicators and lipid profile in blood serum, the level of transforming growth factor-B1 by enzyme
immunoassay, the activity of enzymes of the glutathione antioxidant system and NADPH-generating enzymes by the spectrophotometric method
were carried out. Results. The use of melatonin additionally with basic treatment compared with standard therapy led to a decrease in proteinuria
(p=0.010), hyperglycemia (p=0.019), urea concentration (p=0.043), glycated hemoglobin (p=0.045) and transforming growth factor-B1 levels
(p=0.020) in patients with CKD. In addition, the use of this drug led to a changing of the lipid profile, and the activity of glutathione antioxidant
system enzymes and NADPH-generating enzymes. Conclusion. The differences observed during the study were apparently caused by the action of
melatonin, which has nephroprotective and hypoglycemic properties, the ability to neutralize reactive oxygen species and activate the antioxidant
system functioning.
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AI — atherogenic index, CKD — chronic kidney disease, DM — diabetes mellitus, GGFDG — glucose-6-phosphate dehydrogenase, GFR — glomerular
filtration rate, GP — glutathione peroxidase, GSH — reduced glutathione, GR — glutathione reductase, GT — glutathione transferase, HDL — high density
lipoprotein cholesterol, LDL — low density lipoprotein cholesterol, NADP-IDG — NADP-dependent isocitrate dehydrogenase, TC — total cholesterol,

TGF-B1 — transforming growth factor p1

Introduction

It is known that the main etiological factors in
the development of chronic kidney disease (CKD)
include diabetes mellitus (DM) and arterial hyperten-
sion [1]. Proteinuria is an important predictor of pro-
gressive kidney damage, which leads to tubulointersti-
tial kidney tissue damage and, as a result, a decrease in
glomerular filtration rate, resulting in end-stage renal
failure. The kidney is a metabolic organ where mito-
chondrial oxidation reactions take place. According to
studies, increased production of reactive oxygen species
and a weakening of the body’s antioxidant defense have
an adverse effect on the course of CKD [2].

Oxidative stress activates mitogen-activated protein
kinases, various cytokines and transcription factors,
which ultimately leads to fibrosis and end-stage renal
failure. One of the factors activated due to proteinuria
and oxidative stress is transforming growth factor p1
(TGF-PB1), which is an important mediator of many pro-
cesses in renal glomeruli and tubules. Also, high glucose
concentration increases mRNA and TGF-f1 protein
levels in cultured proximal tubular cells, epithelial and
mesangial cells of renal glomeruli [3]. Numerous studies
have shown that TGF-f1 plays a central role in the devel-
opment of fibrosis. TGF-B1 increases mitochondrial pro-
duction of reactive oxygen species in various cell types
that mediate TGF-P-induced apoptosis, as well as many
of the TGF-B-induced pro- and fibrotic effects [4].

The pathogenic action of free radicals is opposed
by the antioxidant system, which is aimed at suppress-
ing free radical oxidation processes. One of the main
links of antioxidant defense is the glutathione system,
which includes enzymes glutathione peroxidase (GP),
glutathione reductase (GR), glutathione transferase
(GT) and glutathione tripeptide, which plays the role
of a reducing cofactor in glutathione peroxidase reac-
tion. GP is a key enzyme that utilizes reactive oxygen
species and lipid peroxidation products. GR facilitates
the reduction of glutathione oxidized during glutathi-
one peroxidase reaction without increasing its synthe-
sis de novo. GT detoxifies lipid peroxidation products
generated during the metabolism of xenobiotics in
the endoplasmic reticulum. The glutathione antioxi-
dant system requires a constant supply of the NADPH
coenzyme to function. The primary sources of this
compound are enzymes glucose-6-phosphate dehy-
drogenase (G6PDH) and NADP-dependent isocitrate
dehydrogenase (NADP-IDH) [5].

Clinical guidelines for the management of CKD
include the control of blood pressure, glycemia, lipid
metabolism, and nephroprotective therapy [6]. In this
regard, it seems appropriate to study the natural metab-
olites of the body that have a nephroprotective effect
and are aimed at suppressing oxidative stress and TGF-
B1. One of these metabolites is the hormone melatonin
[7]. It is known that melatonin binds free radicals while
simultaneously inducing the body’s natural antioxidant
defense system.

Therefore, the purpose of this work was to assess
the clinical and biochemical parameters of CKD, lipid
profile, TGF-P1 level, the activity of the glutathione
antioxidant system and NADPH-generating enzymes in
patients with CKD and type 2 DM during basic treat-
ment and combination therapy with melatonin.

Experimental Part

This clinical study was a randomized, open-label,
controlled trial. The study was approved by the Ethics
Committee of the Federal State Budgetary Educational
Institution of Higher Education “Burdenko Voronezh
State Medical University”, extract of minutes No. 4 dated
09/29/2016. All patients signed informed consent to
participate in the study. This clinical study was carried
out in the endocrinology departments of the Voronezh
Regional Clinical Center for Specialized Types of Medical
Care and the Voronezh City Clinical Emergency Hospital
No. 10. The study included 60 patients (29 males, mean
age (65.6 + 9.3) years) with type 2 DM and CKD. History
of CKD was (13.2 £ 6.3) years. Stage 2 CKD was observed
in 6 (10%) patients, stage 3a — in 42 (70%), stage 3b — in
12 (20%) patients. The diagnosis of CKD was established
according to clinical guidelines [8]. Among comorbidi-
ties (Table 1), arterial hypertension (100%), diabetic
retinopathy (100%), obesity (69%), chronic heart failure
(66%) were the most common. The study had the follow-
ing exclusion criteria: type 1 DM, viral hepatitis, acute
infectious diseases, acute myocardial infarction, malig-
nant neoplasms, acute cerebrovascular accident. After
admission to the hospital, all patients underwent therapy
adjustment. Group 1 (n = 30, 8 males and 22 females,
mean age — (64.1 £ 7.9) years) received basic treatment.
Group 2 (n = 30, 11 males and 19 women, mean age —
(69.0 + 10.5) years). In addition to similar basic therapy,
they received an agent containing 2 mg of melatonin
(Table 2). All patients of group 2 who were on inpatient
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treatment had complaints of sleep disturbance. There-
fore, with the exception of the administration of mela-
tonin, there were no differences in the treatment of par-
ticipants in groups 1 and 2. The duration of basic therapy
and combined treatment with melatonin carried out in
the hospital was two weeks. Clinical and biochemical
parameters of the lipid profile, TGF-P1 level, the activ-
ity of the glutathione antioxidant system and NADPH-
generating enzymes were analyzed upon admission to
the hospital and before discharge. The control group
included 65 apparently healthy individuals (30 males
and 35 females, mean age — (42.3 + 17.7) years) with
normal values of general and biochemical blood tests,
who underwent a planned preventive medical examina-
tion at the Voronezh City Polyclinic No. 10.

The glomerular filtration rate (GFR) was calculated
using the CKD-EPI (2011) formula Daily proteinuria in
urine was determined by a photocolorimetric method
with pyrogallol red dye and the Brandberg — Roberts —
Stolnikov method.

Fasting glucose and postprandial glucose were
assessed by the hexokinase enzymatic method and using
a Satellite Plus glucometer (ELTA, Russia). To assess lipid
metabolism, the concentration of total cholesterol (TC)
and high-density lipoprotein (HDL) cholesterol in serum

was determined using reagent kits (Bio-La-Test) using an
enzymatic photocolorimetric method on a Klima 15MC
biochemical analyzer (Spain). The atherogenic index (AI)
was defined as the ratio of the difference between total
cholesterol and HDL to HDL [AI = (TC — HDL) / HDL],
which should normally be < 3.

Glycated hemoglobin parameters were calculated
using the reference method using a D 10 analyzer manu-
factured by Bio-Rad (USA).

Urea and creatinine concentration was analyzed
using diagnostic kits manufactured by Olvex (Russia).

The content of melatonin sulfate in the urine of
patients was measured by enzyme immunoassay using a
kit manufactured by Buhlmann (Germany).

The activity of the studied enzymes was determined
on a Hitachi U-1900 spectrophotometer (Japan). HP
activity was measured in a spectrophotometric medium
of the following composition: 50 mM potassium phos-
phate buffer (pH 7.4) containing 1.0 mM EDTA, 0.12 mM
NADPH (AppliChem, Germany), 0.85 mM reduced glu-
tathione (GSH) (AppliChem, Germany), 0.37 mM H,0O,,
1 U/ml GR (Sigma Aldrich, USA). The control sample
did not contain GSH [9]. GR activity was assessed in
50 mM potassium phosphate buffer (pH 7.4) containing
1.0 mM EDTA, 0.16 mM NADPH, and 0.8 mM GSH [9].

Table 1. Comorbidities of study participants who received basic treatment (group 1, n=30) and patients who received

melatonin in addition to basic therapy (group 2, n=30)

Comorbidities, n (%) | Group 1, n=30 | Group 2, n=30
Arterial hypertension 30(100) 30(100)
Diabetic retinopathy 30(100) 30(100)
Obesity 21(70) 20(67)
Chronic heart failure 22(73) 18(60)
Coronary artery disease 13 (43) 13 (43)
Acute disorders of cerebral circulation 5(17) 4 (13)
Myocardial infarction 5(17) 4 (13)
Chronic obstructive pulmonary disease 2(7)
Peripheral artery disease 6 (20) 8 (27)
Table 2. Prescribed drugs to study participants
Prescribed drugs Group 1 Group 2

Oral hypoglycemic drugs

Antihypertensive drugs

Lipid-lowering drugs
Diuretics

Melatonin

Biguanides (metformin — 500-1500 mg once in the
evening) Sulfonylurea preparations (Gliclazide —
30-90 mg once a day) Inhibitors of dipeptidyl
peptidase-4 (Vildagliptin — 50-100 mg 1-2 times a day,
Alogliptin — 12.5-25 mg once a day)

ACE blockers (Enalapril -5-20 mg 1-2 times a day,
Lisinopril 5-20 mg once a day), B-blockers (Bisoprolol —
2.5-10 mg 1 once a day, Metoprolol succinate —

50-100 mg once a day)

Statins (Atorvastatin — 20-40 mg once a day)

Thiazide diuretics (Indapamide 2.5 mg once a day)

Biguanides (metformin — 500-1500 mg once in the
evening) Sulfonylurea preparations (Gliclazide —
30-90 mg once a day) Inhibitors of dipeptidyl
peptidase-4 (Vildagliptin — 50-100 mg 1-2 times a day,
Alogliptin — 12.5-25 mg once a day)

ACE blockers (Enalapril -5-20 mg 1-2 times a day,
Lisinopril 5-20 mg once a day), B-blockers (Bisoprolol —
2.5-10 mg 1 once a day, Metoprolol succinate —

50-100 mg once a day)

Statins (Atorvastatin — 20-40 mg once a day)
Thiazide diuretics (Indapamide 2.5 mg once a day)

2 mg orally, 1 tablet once a day, after meals, in the
evening, 1-2 hours before bedtime
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GT activity was measured in 0.1 M potassium phos-
phate buffer (pH 7.4) containing 1.0 mM EDTA, 1.0 mM
1-chloro-2,4-dinitrobenzene, 5.0 mM GSH [10]. GGPDH
activity was measured in 50 mM Tris-HCl bufter (pH 7.8)
containing 3.0 mM glucose-6-phosphate (Sigma Aldrich,
USA), 0.25 mM NADP (AppliChem, Germany), 1.0 mM
MnCI, [11]. NADP-IDH activity was assessed in 50 mM
Tris-HCI buffer (pH 7.8) containing 1.5 mM isocitrate
(Sigma Aldrich, USA), 2.0 mM MnCl,, 0.4 mM NADP
[11]. The rate of the enzymatic reaction was judged by
the change in optical density at 340 nm. The unit of enzy-
matic activity (E) was defined as the amount of enzyme
catalyzing the formation of 1 pmol of the reaction prod-
uct in 1 min at 25 °C. Enzyme activity was expressed
in enzymatic units per ml of serum. GSH concentra-
tion was determined using a reaction with 5,5-dithio-
bis-(2-nitrobenzoic) acid (Sigma Aldrich, USA) [11].
Protein concentration in blood serum was assessed by
the biuret method.

The level of TGF-B1 in blood serum was measured by
enzyme immunoassay using a kit manufactured by Ray-
Biotech (USA).

Statistical processing of the material was carried
out using SPSS 23.0 software and standard methods of
variation statistics (calculation of mean values, standard
error of the mean, standard deviation, median values
and interquartile range). Normality of distribution in
groups was assessed using the Kolmogorov — Smirnov
test. The significance of differences was analyzed using
Student’s t-test and the nonparametric Mann — Whit-
ney test. The Pearson or Spearman rank correlation

Table 3. Baseline clinical characteristics of patients

coefficient was used to identify correlations between
the studied parameters depending on the distribution.
This paper gives the values of average (0.30-0.69) and
strong (> 0.70) correlation. Differences were considered
statistically significant at p < 0.05.

Results and Discussion

Baseline clinical and laboratory characteristics of
patients are presented in Table 3.

Biochemical parameters, TGF-P1 level and lipid pro-
file of the study participants are presented in Table 4.

The daily proteinuria level in groups 1 and 2 before
therapy was 0.540 and 0.781 g/day, respectively. After
treatment, this parameter decreased in both groups.
However, combination therapy with melatonin more sig-
nificantly reduced the proteinuria level (p = 0.010). Also,
combined treatment with melatonin led to a decrease in
fasting glucose concentration, postprandial hypergly-
cemia (p < 0.001) and the level of glycated hemoglobin
(p = 0.010) relative to pre-treatment values. An assess-
ment of melatonin sulfate level in urine confirmed that
the level of this hormone increased during therapy in
patients of group 2 (p = 0.010). As is known, melatonin
has a protective effect on organs and tissues during hyper-
glycemia, which is due to its antioxidant, anti-inflamma-
tory and antiapoptotic effects. This hormone has a posi-
tive effect on carbohydrate metabolism due to the ability
to inhibit gluconeogenesis in the liver, increase insulin
secretion and tissue sensitivity to it, as well as restore
mitochondrial dysfunction in diabetes mellitus [12].

Indicator |

Control group, n=65

Group 1, n=30 Group 2, n=30 |

Sex, m/f, n (%)

30/35 (46% My>K41H)

8/22 (27% my>k4mH) 11/19 (37% my>x4nH)

Age, years

Average duration of diabetes mellitus, years

42,0 (27,5-51,0)

BMI 26,0 (23,5-27,4)
BP systolic mm Hg 115,0 (109,0-124,0)
BP diastolic mm Hg 71,0 (68,0-73,0)
Heart rate beats / min 71,0 (66,0-73,0)
Stages of CKD

G2,n/% )

G3a, n/%

G3b, n/%

GFR, ml/ min 102,0 (95,7-108,3)

Concentration of creatinine, uM

87,3 (79,2-90,1)

Concentration of urea, mM 5,2 (4,6-5,5)
Daily proteinuria level, g / day 0,01 (0,007-0,015)
Glycated hemoglobin level, % 5,0 (4,6-5,5)
Fasting glucose concentration, mM 4,8 (3,5-5,2)
Postprandial glucose concentration, mM 5,5 (4,1-6,2)

63,0 (59,0-69,0)*
9,2 (7,8-10,9)
31,3 (26,4-34,4)
160,0 (155,0-165,0)*
90,0 (85,0-90,0)*
78,0 (75,0-80,0)*

3 (10%)
20 (67%)
7 (23%)

53,5 (45,8-58,0)*
114,0 (98,3-120,8)*
6,5 (5,4-8,4)*
0,40 (0,24-0,65)*
8,0 (6,8-9,7)*
9,9 (7,9-12,2)*
12,3 (8,9-14,5)

69,0 (59,0-74,5)*
10,1 (8,3-11,7)
30,5 (26,0-35,6)
160,0 (151,3-170)*
90,0 (85,0-95,0)*
82,0 (76,5-87,5)*

3 (10%)
22 (73%)
5 (17%)

54,0 (47,0-57,0)*
104,5 (94,5-124,8)*
7,7 (5,7-10,4)*
0,54 (0,31-1,18)*
8,4 (7,0-9,8)*
10,4 (9,7-12,6)*
12,3 (8,9-14,5)*

Note: BMI — Body mass index, BP — Blood pressure, CKD — Chronic kidney disease
Data are presented as median value (Q1-Q3); * — differences from the control group, p <0.05.
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Also, an experiment on animals showed that melatonin
normalizes the shape and organization of mitochondrial
cristae in metabolic dysfunction of renal tubules and
reduces the number of cells with an increased index of
apoptosis in proximal tubules [13]. Therefore, the anti-
oxidant and antiapoptotic effects typical for melatonin
apparently contributed to a more pronounced change in
glycemia and proteinuria parameters in patients com-
pared with standard treatment. Among other things,
combination treatment with melatonin reduced the level
of TGF-B1 compared with standard therapy (p = 0.001).
Lately, TGF-P1 is considered a multifunctional cytokine
involved in cell growth, differentiation and migration,
the formation and degradation of extracellular matrix
components, chemotactic processes and apoptosis, as

well as immune regulation. TGF-B1 is a key mediator of
renal fibrosis [14]. Maintaining the physiological level of
TGF-p is necessary for the normal functioning of most
tissues and maintenance of organs. Increased expression
of TGF-1 is associated with pathological changes in tis-
sues in various diseases such as pulmonary fibrosis, spinal
muscular atrophy and kidney disease [15]. The concen-
tration of TGF-PB1 is high in the blood serum of patients
with pathologies such as diabetic nephropathy, immu-
noglobulin A-nephropathy, focal segmental glomeru-
losclerosis, rapidly progressive glomerulonephritis and
lupus nephritis. TGF-p1 also mediates kidney disease by
inducing an epithelial-mesenchymal transition involving
tubular epithelial cells that are believed to contribute to
the pathogenesis of tubular atrophy [15].

Table 4. Clinical and biochemical parameters and the level of TGF-f31 of the examined patients

Group 1, n=30 Group 2, n=30 P,
Indicator Control group Before After Before After
treatment treatment P, treatment treatment b
fzfltcigftiltlg:emM (3,gi§,2) (7,9-9{2,2)* (6,67’—2,8) <0,0001 (9,71»(1),24,6)* (5,2)-%;,9) <0,0001 0,019
et AL aren  ®oms  0oi0m P orase  (aoy <0000 099
E/(})chated hemoglobin level, (4’2(;)5) (6’88_,;)’7)* (5’67,_721) 0,020 (7’08_,;},8)* (5’26_,(;’2) 0,010 0,005
57 icg;) rorcmurizereh (o,oo(;)?(;,ms) (0,22’—?)(,)65)* (0,0(;’-1329) <0.0001 (0,3(1)»51?18)* (0,0(:3)—1(?,48) <0,0001 0,010
Concentration of urea, mM (4’2125) (5)4?54)” (4;’_87)9) 0,052 (5’7_7i(7))4)* (5,?13,1) 0,043 0,301
51(\)4ncemaﬁon o oas0h o810 Gesis "1 easipage  @usiss 00 0254
GER, ml/min (95,17%)(13,3) (45,§-3§z,o)* (55,60(?’603,8) 0,072 (47,05»;17,0)* (556—36)3,8) 0159 0034
Total cholesterol, mmol/l (3,:—’}1,6) (5,16—’64,8)* (4,1(;,6) 0,008 (5,15_’68’7)* (3’;1:;2) <0,0001 0,321
Triglycerides, mmol/l (O,;’—ZIA) (1’42_’20’5)* (1’2112’1) 0,29 (1’42_’37’0)* (0,91)-11,8) <0,0001 0,005
LDL, mmol/l (1,512,4) (2’22_’37,3)* (175112’2) <0,0001 (2712_’36,4)* (1,5112’2) <0,0001 0,633
HDL, mmol/l (2;1;,7) (0,7;’-01,620)* (1,011’-11(?20) 0,114 (o,sé’-(fzn* (1,11)’-21%35) 0,005 0,203
Atherogenic index (02;_730) (4,15_’50’7)* (2,2’_11) 0,001 (4’25_’;)’7)* (2,i1§,2) <0,0001 0,408
TGE-BL, ng/ml (17,%;1—’204,8) (100,112»?)501,7)* (80,??1’(1)5,2) 0,010 (108,123—(1)553,6)* (64?30—’;)7,7) <0001 %
scui?aiee?:ﬁ?;le?ﬁ;ialmmn 8199 6078 679 9 (eany sossy 000 oo
BP systolic mm Hg (109?3-51)(2)4,0) (153—?%5?,0)* (121,330-’?30) <0,0001 (151,136-(;’700,0)* (12&?%%,0) <0,0001 0,592
BP diastolic mm Hg (68,701—);)3,0) (85,2?9)(()),0)* (80,?)(2?0,0) <0,0001 (85,3(»);(;,0)* (70)?32)0)0) <0,0001 0,309
Heart rate beats / min (66,701—,;)3,0) (75)52%)0)* (66,700-,;)0,0) <0,0001 (76,?2’3(;,5)* (62,656-’608,0) <0,0001 0,611

Note: GFR — Glomerular filtration rate, LDL — Low density lipoproteins, HDL — High density lipoproteins, TGF-p1 — Tpauncdopmupyiommuii ¢pakrop pocra-pl, Transforming Growth

Factor-p1, BP — Blood pressure, YCC — YacToTa ceppiedHbIX COKPaILeH it
Data are presented as median value (Q1-Q3); * — differences from the control group, p <0.05
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During treatment, the patients in our study showed
positive changes in the lipid profile parameters in blood
serum. There was a decrease in the concentration of
cholesterol, LDL, and atherogenic index (p < 0.05) in
both groups of patients. Also, in patients who received
additional melatonin, the concentration of triglycer-
ides significantly decreased (p < 0.001) and HDL level
increased (p = 0.003). As is known from the literature,
daily administration of melatonin helps reduce excess
body weight. In addition, the ratio of the concentration
of melatonin to insulin in blood negatively correlates
with the LDL level and positively with the concen-
tration of HDL [16]. Vasoregulatory effects of mela-
tonin are complex and may involve both central and
peripheral mechanisms. Melatonin receptors MT1 are
responsible for vasoconstriction, and MT2 — for vaso-
dilation, and depend on circadian time, duration and
mode of exposure to endogenous or exogenous mel-
atonin, as well as the functional sensitivity of recep-
tors [17].

The study also showed that combined treatment
with melatonin promoted an increase in the activity of
antioxidant enzymes of the glutathione unit towards
control values, which had a more pronounced trend
compared with the corresponding changes with under-
lying basic therapy. In particular, the use of melatonin
contributed to a more significant increase in the activ-
ity of GR (p = 0.031, compared with basic treatment)
and GT (p < 0.0001, compared with basic treatment),
as well as an increase in the activity of GH (p < 0.0001),
while in patients in group 1, the activity of this enzyme
decreased during treatment (p = 0.034) (Fig. 1). Anti-
oxidant activity of melatonin contributes to a more
significant increase in the activity of the glutathione
system, which plays a key role in the compensatory
response to oxidative stress induced under conditions
of hyperglycemia [18]. It is known that the dysfunc-
tion of antioxidant system components is an important
factor in the development of complications in a wide
range of diseases, including type 2 DM. In particular,
it was shown that the level of oxidative stress markers
increases in the kidneys in diabetes, and in mice lack-
ing the main cytosolic and mitochondrial antioxidant
enzyme GP 1, the modeling of diabetes leads to a more
significant increase in oxidative stress and the pro-
gression of kidney disease [19]. Changes in the spe-
cific activity of enzymes of the glutathione antioxidant
system were of a similar nature (see Fig. 1).

With underlying combination therapy with mela-
tonin, there was also an increase in the activity of
NADP-IDG in blood serum compared with pre-treat-
ment parameters (p < 0.0001), while with underlying
basic therapy, there were no significant differences
in this parameter (Fig. 2). Apparently, the increase in

NADP-IDG activity is associated with an increase in
the need for NADPH of the glutathione antioxidant
system under conditions of its activation. Another sup-
plier of NADPH is the pentose phosphate pathway.
The key enzyme here is glucose-6-phosphate dehydro-
genase (G6PDH). However, as the study shows, both
basic treatment and combination therapy with melato-
nin led to a multidirectional change in the activity of
this enzyme in patients. In particular, after using mela-
tonin, 10 (33.3%) patients saw a decrease in the activ-
ity of G6PDH in blood serum, and 20 (66.7%) — an
increase in comparison with pre-treatment parameters.
There is evidence that during oxidative stress, an impor-
tant mechanism of protection against the action of
reactive oxygen species is the interaction in the nucleus
of hemoxygenase-1 with the transcription factor Nrf2,
which contributes to the enhancement of the expres-
sion of the second phase detoxification enzymes, which
also include G6PDH [20]. Apparently, the intake of
melatonin contributed to an increase in the content
of transcription factor Nrf2 in the nuclear fraction
and increased the expression of hemoxygenase-1 in
patients with CKD, which, as was shown, can reduce
oxidative stress [21]. In patients who were character-
ized by a decrease in G6PDH activity, the inhibition of
the functioning of the pentose phosphate pathway was
probably observed, and melatonin doses taken were
not enough to change this parameter upward. Suppres-
sion of this enzyme can occur under conditions of DM
with underlying inhibition of glucokinase synthesis
and induction of glucose-6-phosphatase in the liver,
reducing the availability of glucose-6-phosphate for
G6PDH [22].

An analysis of the relationships between biomarkers
of CKD, type 2 DM and indicators of the functioning
of glutathione antioxidant protection components in
the groups is presented in Table 5. Results showed that
in patients of group 1, there was a negative correlation
between the change in postprandial glucose concentra-
tion and shifts in NADP-IDG activity during treatment.
This correlation confirms that the degree of oxidative
stress caused by chronic hyperglycemia in CKD corre-
lates with the degree of depletion of the GSH pool and
the inhibition of the activity of one of the most impor-
tant suppliers of NADPH for its restoration — NADP-
IDG. Also, patients of group 1 were characterized by
a positive correlation of changes in GP activity with
changes in the concentration of urea and creatinine, as
well as a negative correlation with changes in the glo-
merular filtration rate. The observed negative phenom-
enon could be due to a tendency towards a decrease
in GP activity during standard treatment. For patients
of group 2, there were no reliably significant rela-
tionships between shifts in the analyzed parameters.
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Figure 1. Activity of glutathione peroxidase (GP), glutathione reductase (GR) and glutathione transferase (GT) in people of
the control group (C), patients receiving basic therapy (Bas after) against the indicators before treatment (Bas before), as well

as patients receiving combination therapy with melatonin (Mel after) against the indicators before treatment (Mel before)

Note: * — differences from the control group are significant, p <0.05; pl — the level of significance of differences between the indicators before and after treatment in groups; p2 —
the level of significance of the differences between the changes in indicators that occurred during treatment in the second group compared to the first group
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Figure 2. Activity of NADP-dependent isocitrate dehydrogenase (NADP-IDH) and glucose-6-phosphate dehydrogenase
(G6PDH) in people of the control group (C), patients receiving basic therapy (Bas after) against the indicators before
treatment (Bas before), and also patients receiving combination therapy with melatonin (Mel after) against the indicators
before treatment (Mel before)

Note: * — differences from the control group are significant, p <0.05; p1 — the level of significance of differences between the indicators before and after treatment in groups; p2 —
the level of significance of the differences between the changes in indicators that occurred during treatment in the second group compared to the first group
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Table 5. Correlation between changes (A) of the studied
parameters during treatment in groups of participants

Members of the first group

A postprandial glucose concentration ANADP-UIAT
A NADP-IDH
r=-0,390

p=0,033

ATIT
A GP
r=0,476
p=0,029

ATII
AGP
r=0,548
p=0,007

ATTI
A GP
r=-0,571
p=0,004

A urea concentration

A creatinine concentration

A glomerular filtration rate

Apparently, this is due to the more pronounced acti-
vating effect of combination therapy with melatonin on
the activity of the components of the glutathione anti-
oxidant system, which provides a more effective com-
pensatory response in CKD.

The TGF-f1 level positively
the parameters of proteinuria (r = 0.800, p < 0.0001),
fasting glucose concentration (r = 0.532, p < 0.0001) and
total cholesterol (r = 0.681, p < 0.0001).

Therefore, the positive effects of melatonin imple-

correlated with

mented in the treatment regimen for patients with type
2 DM and CKD contributed to an improvement in
the oxidative status in the serum of patients. This was
reflected in a more significant change in most clinical
and biochemical parameters, the level of TGF-p1 and
lipid profile compared with participants who received
basic treatment.

Conclusion

The data obtained suggest that, compared with basic
treatment, combination therapy with melatonin provides
amore pronounced antioxidant, hypoglycemic and hypo-
lipidemic effect that is apparently linked with the nephro-
protective effect of this hormone. Melatonin promotes
the triggering of a compensatory response to oxidative
stress, which is one of the key factors in the pathogenesis
of complications in type 2 DM. The use of melatonin led
to a more significant increase in the activity of glutathi-
one antioxidant system enzymes, as well as the activity
of NADP-IDG, one of the main suppliers of NADPH.
The observed differences in the effectiveness of the ana-
lyzed therapeutic approaches are due to the hypoglyce-
mic activity and direct antioxidant effect of melatonin, as
well as its ability to maintain and induce the functional
activity of other antioxidants.
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