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глутатионовой антиоксидантной системы и активность ферментов — поставщиков NADPH, а также уровень трансформирующего фактора 

роста-β1 и липидный профиль пациентов. Материалы и методы. В исследовании принимало участие 60 пациентов (19 мужчин и 41 жен-

щина, средний возраст — 65,6±9,3 года) с  ХБП и СД 2 типа. Пациенты были разделены на 2 группы. Первая группа пациентов находилась 

на базисном лечении (n=30, 8 мужчин и 22 женщины, средний возраст — 64,1±7,9 года); вторая группа участников (n=30, 11 мужчин и 

19 женщин, средний возраст — 69,0±10,5 года) дополнительно к базисной терапии получала 2 мг мелатонина. Контрольную группу со-

ставили 65 практически здоровых лиц (30 мужчин и 35 женщин, средний возраст — 42,3±17,7 года) с нормальными показателями общего 

и биохимического анализов крови. В ходе работы был осуществлен анализ клинико-биохимических показателей и липидного профиля 

в сыворотке крови, уровня трансформирующего фактора роста-β1 методом иммуноферментного анализа, активности ферментов глута-

тионовой антиоксидантной системы и NADPH-генерирующих ферментов спектрофотометрическим методом. Результаты. Применение 

мелатонина на фоне базисного лечения по сравнению со стандартной терапией способствовало снижению протеинурии (p=0,01), гипер-

гликемии (p=0,019), концентрации мочевины (p=0,043), гликированного гемоглобина (p=0,045) и трансформирующего фактора роста-β1 

(p=0,020) у пациентов с ХБП. Кроме того, использование данного препарата оказывало воздействие на липидный профиль и приводило 

к возрастанию активности ферментов глутатионовой антиоксидантной сист емы, ферментов — поставщиков NADPH, что отражает эф-

фективность формирования компенсаторного ответа в условиях активации свободнорадикального окисления на фоне гипергликемии. 

Заключение. Наблюдаемые в ходе исследования различия, очевидно, были вызваны действием мелатонина, для которого характерен 

нефропротекторный и гипогликемический эффекты, способность нейтрализовывать свободные радикалы и активизировать функциони-

рование компонентов антиоксидантной системы.

Ключевые слова: хроническая болезнь почек, сахарный диабет 2 типа, окислительный стресс, антиоксидантная система, мелато-

нин, трансформирующий фактор роста — β1
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Аbstract

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-β1, 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 

41 women, 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-β1 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-β1 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, G6FDG — glucose-6-phosphate dehydrogenase, GFR — glomerular 

fi ltration 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-β1 — transforming growth factor β1

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 fi ltration rate, resulting in end-stage renal 

failure. Th e  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 eff ect on the course of CKD [2].

Oxidative stress activates mitogen-activated protein 

kinases, various cytokines and transcription factors, 

which ultimately leads to fi brosis and end-stage renal 

failure. One of the  factors activated due to proteinuria 

and oxidative stress is transforming growth factor β1 

(TGF-β1), which is an important mediator of many pro-

cesses in renal glomeruli and tubules. Also, high glucose 

concentration increases mRNA and TGF-β1  protein 

levels in cultured proximal tubular cells, epithelial and 

mesangial cells of renal glomeruli [3]. Numerous studies 

have shown that TGF-β1 plays a central role in the devel-

opment of fi brosis. TGF-β1 increases mitochondrial pro-

duction of reactive oxygen species in various cell types 

that mediate TGF-β-induced apoptosis, as well as many 

of the TGF-β-induced pro- and fi brotic eff ects [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 i socitrate 

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 eff ect 

and are aimed at suppressing oxidative stress and TGF-

β1. 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.

Th erefore, the  purpose of this work was to assess 

the  clinical and biochemical parameters of CKD, lipid 

profi le, TGF-β1  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

Th is clinical study was a randomized, open-label, 

controlled trial. Th e  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. Th is 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. Th e 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. Th e 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. Th e study had the follow-

ing exclusion criteria: type 1  DM, viral hepatitis, acute 

infectious diseases, acute myocardial infarction, malig-

nant neoplasms, acute cerebrovascular accident. Aft er 

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. Th ere-

fore, with the exception of the administration of mela-

tonin, there were no diff erences in the treatment of par-

ticipants in groups 1 and 2. Th e duration of basic therapy 

and combined treatment with melatonin carried out in 

the  hospital was two weeks. Cli nical and biochemical 

parameters of the  lipid profi le, TGF-β1  level, the activ-

ity of the glutathione antioxidant system and NADPH-

generating enzymes were analyzed upon admission to 

the  hospital and before discharge. Th e  control group 

included 65  apparentl y 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.

Th e  glomerular fi ltration 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 Brand berg — Roberts — 

Stolnikov method.

Fasting glu cose 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). Th e atherogenic index (AI) 

was defi ned as the ratio of the diff erence 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).

Th e  content of melatonin sulfate in the  urine of 

patients was measured by enzyme immunoassay using a 

kit manufactured by Buhlmann (Germany).

Th e 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 buff er (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
2
O

2
, 

1  U/ml GR (Sigma Aldrich, USA). Th e  control sample 

did not contain GSH [9]. GR activity was assessed in 

50 mM potassium phosphate buff er (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 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)

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)

Antihypertensive drugs ACE blockers (Enalapril -5-20 mg 1-2 times a day, 

Lisinopril 5-20 mg once a day), Β-blockers (Bisoprolol — 

2.5-10 mg 1 once a day, Metoprolol succinate — 

50-100 mg once a day)

ACE blockers (Enalapril -5-20 mg 1-2 times a day, 

Lisinopril 5-20 mg once a day), Β-blockers (Bisoprolol — 

2.5-10 mg 1 once a day, Metoprolol succinate — 

50-100 mg once a day)

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

Diuretics Th iazide diuretics (Indapamide 2.5 mg once a day) Th iazide diuretics (Indapamide 2.5 mg once a day)

Melatonin - 2 mg orally, 1 tablet once a day, aft er meals, in the 

evening, 1-2 hours before bedtime
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GT activity was measured in 0.1  M potassium phos-

phate buff er (pH 7.4) containing 1.0 mM EDTA, 1.0 mM 

1-chloro-2,4-dinitrobenzene, 5.0 mM GSH [10]. G6PDH 

activity was measured in 50 mM Tris-HCl buff er (pH 7.8) 

containing 3.0 mM glucose-6-phosphate (Sigma Aldrich, 

USA), 0.25 mM NADP (AppliChem, Germany), 1.0 mM 

MnCl
2 
[11]. NADP-IDH activity was assessed in 50 mM 

Tris-HCl buff er (pH 7.8) containing 1.5  mM isocitrate 

(Sigma Aldrich, USA), 2.0 mM MnCl
2
, 0.4 mM NADP 

[11]. Th e  rate of the  enzymatic reaction was judged by 

the change in optical density at 340 nm. Th e unit of enzy-

matic activity (E) was defi ned as the amount of enzyme 

catalyzing the formation of 1 μmol 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.

Th e level of TGF-β1 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  soft ware 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. Th e  signifi cance of diff erences was analyzed using 

Student’s t-test and the  nonparametric Mann  — Whit-

ney test. Th e  Pearson or Spearman rank correlation 

coeffi  cient was used to identify correlations between 

the  studied parameters depending on the  distribution. 

Th is paper gives the  values of average (0.30–0.69) and 

strong (> 0.70) correlation. Diff erences were considered 

statistically signifi cant at p < 0.05.

Results and Discussion

Baseline clinical and laboratory characteristics of 

patients are presented in Table 3.

Biochemical parameters, TGF-β1 level and lipid pro-

fi le of the study participants are presented in Table 4.

Th e daily proteinuria level in groups 1 and 2 before 

therapy was 0.540  and 0.781  g/day, respectively. Aft er 

treatment, this parameter decreased in both groups. 

However, combination therapy with melatonin more sig-

nifi cantly 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 confi rmed that 

the  level of this hormone increased during therapy in 

patients of group 2 (p = 0.010). As is known, melatonin 

has a protective eff ect on organs and tissues during hyper-

glycemia, which is due to its antioxidant, anti-infl amma-

tory and antiapoptotic eff ects. Th is hormone has a posi-

tive eff ect 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]. 

Table 3. Baseline clinical characteristics of patients 

Indicator Control group, n=65 Group 1, n=30 Group 2, n=30

Sex, m/f, n (%) 30/35 (46% мужчин) 8/22 (27% мужчин) 11/19 (37% мужчин)

Age, years 42,0 (27,5-51,0) 63,0 (59,0-69,0)* 69,0 (59,0-74,5)*

Average duration of diabetes mellitus, years - 9,2 (7,8-10,9) 10,1 (8,3-11,7)

BMI 26,0 (23,5-27,4) 31,3 (26,4-34,4) 30,5 (26,0-35,6)

BP systolic mm Hg 115,0 (109,0-124,0) 160,0 (155,0-165,0)* 160,0 (151,3-170)*

BP diastolic mm Hg 71,0 (68,0-73,0) 90,0 (85,0-90,0)* 90,0 (85,0-95,0)*

Heart rate beats / min 71,0 (66,0-73,0) 78,0 (75,0-80,0)* 82,0 (76,5-87,5)*

Stages of CKD

G2, n/%

G3a, n/%

G3b, n/%

-
3 (10%)

20 (67%)

7 (23%)

3 (10%)

22 (73%)

5 (17%)

GFR, ml / min 102,0 (95,7-108,3) 53,5 (45,8-58,0)* 54,0 (47,0-57,0)*

Concentration of creatinine, μM 87,3 (79,2-90,1) 114,0 (98,3-120,8)* 104,5 (94,5-124,8)*

Concentration of urea, mM 5,2 (4,6-5,5) 6,5 (5,4-8,4)* 7,7 (5,7-10,4)*

Daily proteinuria level, g / day 0,01 (0,007-0,015) 0,40 (0,24-0,65)* 0,54 (0,31-1,18)*

Glycated hemoglobin level, % 5,0 (4,6-5,5) 8,0 (6,8-9,7)* 8,4 (7,0-9,8)*

Fasting glucose concentration, mM 4,8 (3,5-5,2) 9,9 (7,9-12,2)* 10,4 (9,7-12,6)*

Postprandial glucose concentration, mM 5,5 (4,1-6,2) 12,3 (8,9-14,5)* 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]. Th erefore, the anti-

oxidant and antiapoptotic eff ects 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-β1 compared with standard therapy (p = 0.001). 

Lately, TGF-β1 is considered a multifunctional cytokine 

involved in cell growth, diff erentiation and migration, 

the  formation and degradation of extracellular matrix 

components, chemotactic processes and apoptosis, as 

well as immune regulation. TGF-β1 is a key mediator of 

renal fi brosis [14]. Maintaining the physiological level of 

TGF-β is necessary for the normal functioning of most 

tissues and maintenance of organs. Increased expression 

of TGF-β1 is associated with pathological changes in tis-

sues in various diseases such as pulmonary fi brosis, spinal 

muscular atrophy and kidney disease [15]. Th e concen-

tration of TGF-β1 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-β1 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-β1 of the examined patients 

Indicator Control group

Group 1, n=30 Group 2, n=30 p
2

Before 

treatment

Aft er 

treatment
p

1

Before 

treatment

Aft er 

treatment
p

1

Fasting glucose 

concentration, mM

4,8 

(3,5-5,2)

9,9 

(7,9-12,2)*

7,5 

(6,6-8,8)
<0,0001

10,4 

(9,7-12,6)*

6,8 

(5,3-7,9)
<0,0001 0,019

Postprandial glucose 

concentration, mM

5,5 

(4,1-6,2)

12,3 

(8,9-14,5)*

8,9 

(7,2-10,4)
0,002

12,3 

(8,9-14,5)*

7,9 

(6,5-9,3)
<0,0001 0,939

Glycated hemoglobin level, 

%

5,0 

(4,6-5,5)

8,0 

(6,8-9,7)*

6,70 

(5,7-7,1)
0,020

8,4 

(7,0-9,8)*

6,0 

(5,2-6,2)
0,010 0,005

Daily proteinuria level, 

g / day

0,01 

(0,007-0,015)

0,40 

(0,24-0,65)*

0,14 

(0,09-0,29)
<0,0001

0,54 

(0,31-1,18)*

0,13 

(0,08-0,48)
<0,0001 0,010

Concentration of urea, mM
5,2 

(4,6-5,5)

6,5 

(5,4-8,4)**

5,8 

(4,8-7,9)
0,052

7,7 

(5,7-10,4)*

6,5 

(5,1-9,1)
0,043 0,301

Concentration of creatinine, 

μM

87,3 

(79,2-90,1)

114,0 

(98,3-120,8)*

98,0 

(86,5-114,8)
0,021

104,5 

(94,5-124,8)*

97,0 

(81,5-105,5)
0,024 0,254

GFR, ml / min
102,0 

(95,7-108,3)

53,5 

(45,8-58,0)*

60,0 

(55,0-63,8)
0,072

54 

(47,0-57,0)*

63,0 

(55-67,8)
0,159 0,034

Total cholesterol, mmol/l
4,1 

(3,3-4,6)

6,4 

(5,1-6,8)*

5,0 

(4,4-5,6)
0,008

5,8 

(5,1-6,7)*

4,6 

(3,9-5,2)
<0,0001 0,321

Triglycerides, mmol/l
1,2 

(0,8-1,4)

2,0 

(1,4-2,5)*

1,7 

(1,2-2,1)
0,29

2,7 

(1,4-3,0)*

1,1 

(0,9-1,8)
<0,0001 0,005

LDL, mmol/l
2,2 

(1,8-2,4)

2,7 

(2,2-3,3)*

1,8 

(1,5-2,2)
<0,0001

2,6 

(2,1-3,4)*

1,8 

(1,5-2,2)
<0,0001 0,633

HDL, mmol/l
2,4 

(2,2-2,7)

1,06 

(0,75-1,20)*

1,10 

(1,01-1,20)
0,114

1,02 

(0,86-1,27)*

1,24 

(1,10-1,35)
0,003 0,203

Atherogenic index
0,70 

(0,4-1,0)

5,0 

(4,1-5,7)*

3,5 

(2,8-4,1)
0,001

5,0 

(4,2-5,7)*

2,6 

(2,1-3,2)
<0,0001 0,408

TGF-β1, ng/ml
21,0 

(17,3-24,8)

128,0 

(100,1-151,7)*

98,0 

(80,1-115,2)
0,010

130,5 

(108,2-153,6)*

80,0 

(64,3-97,7)
<0,0001

0,001

Concentration of melatonin 

sulfate in urine, ng/ml

9,0 

(8,1-9,8)

7,0 

(6,0-7,8)*

7,5 

(6,7-7,9)
0,326

7,1 

(6,3-7,7)*

8,8 

(8,0-9,5)
0,010 0,001

BP systolic mm Hg
115,0 

(109,0-124,0)

160,0 

(155-165,0)*

130,0 

(121,3-130)
<0,0001

160,0 

(151,3-170,0)*

125,0 

(120-130,0)
<0,0001 0,592

BP diastolic mm Hg
71,0 

(68,0-73,0)

90,0 

(85,0-90,0)*

80,0 

(80,0-80,0)
<0,0001

90,0 

(85,0-95,0)*

80,0 

(70,0-80,0)
<0,0001 0,309

Heart rate beats / min
71,0 

(66,0-73,0)

78,0 

(75,0-80,0)*

70,0 

(66,0-70,0)
<0,0001

82,0 

(76,5-87,5)*

66,0 

(62,5-68,0)
<0,0001 0,611

Note: GFR — Glomerular filtration rate, LDL — Low density lipoproteins, HDL — High density lipoproteins, TGF-β1 — Трансформирующий фактор роста-β1, Transforming Growth 

Factor-β1, BP — Blood pressure, ЧСС — Частота сердечных сокращений

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 aft er) against the indicators before treatment (Bas before), as well 

as patients receiving combination therapy with melatonin (Mel aft er) 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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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 aft er) against the indicators before 

treatment (Bas before), and also patients receiving combination therapy with melatonin (Mel aft er) 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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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.

Th e  TGF-β1  level positively correlated with 

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).

Th erefore, the  positive eff ects of melatonin imple-

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. Th is was 

refl ected in a more signifi cant change in most clinical 

and biochemical parameters, the  level of TGF-β1  and 

lipid profi le compared with participants who received 

basic treatment.

Conclusion

Th e data obtained suggest that, compared with basic 

treatment, combination therapy with melatonin provides 

a more pronounced antioxid ant, hypoglycemic and hypo-

lipidemic eff ect that is apparently linked with the nephro-

protective eff ect 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. Th e use of melatonin led 

to a more signifi cant 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. 

Th e observed diff erences in the eff ectiveness of the ana-

lyzed therapeutic approaches are due to the hypoglyce-

mic activity and direct antioxidant eff ect of melatonin, as 

well as its ability to maintain and induce the functional 

activity of other antioxidants.
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