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INTENSITY OF OXIDATIVE STRESS AS A UNIVERSAL
MECHANISM OF TISSUE DAMAGE IN NONALCOHOLIC
STEATOHEPATITIS AND DIABETIC KIDNEY DISEASE IN
PATIENTS WITH TYPE 2 DIABETES MELLITUS. QUERCETIN
CORRECTION EFFECTIVENESS

The objective of the research was to determine the intensity of the
effect of a complex of Metformin, Rosuvastatin, Essentiale Forte N and
Quercetin on the state of oxidative-antioxidant homeostasis, as well as
the intensity of hepatocyte apoptosis by cytokeratin-18 in the blood that
are the factors in the progression of nonalcoholic steatohepatitis and
diabetic kidney disease.

Material and methods. 75 patients with non-alcoholic
steatohepatitis with type 2 diabetes mellitus and stage I-Ill diabetic
kidney disease were studied over time. According to the prescribed
treatment, the examined patients were divided into 2 groups: (group 1 —
the controls: 37 patients) received a low-calorie diet with dietary
restrictions No.9, essential phospholipids (Essentiale forte H 300 mg 2
caps. 3 times a day) for 30 days for the treatment of active non-alcoholic
steatohepatitis, Metformin Hydrochloride (Metformin-Teva) 1000 mg
per day, Rosuvastatin (Rosuvastatin-Teva 5 mg once daily) for 1 month
for concomitant type 2 diabetes mellitus and hyperlipidemia. Group 2
consisted of patients (38 people) who in addition to similar dietary
recommendations and therapy received additionally Quercetin and
Povidone (Corvitin) 500 mg intravenously per 100 ml of isotonic
chloride for 10 days.

Results. It was found that the comorbid course of nonalcoholic
steatohepatitis and diabetic kidney disease in patients with type 2
diabetes mellitus is accompanied by a significant increase in the intensity
of oxidative stress, accompanied by an increase in blood intermediate
and final products of lipid peroxidation. The damaging effect of
oxidative stress in patients with type 2 diabetes mellitus leads to the
activation of apoptosis of hepatocytes with an increase in blood
cytokeratin-18 (7.5 times, p < 0.05), the content of which correlates with
the degree of oxidative stress, the intensity of liver damage and stage of
diabetic kidney disease (p < 0.05). Oxidative stress increases the risk of
endothelial damage by atherosclerotic process due to hyperproduction of
homocysteine (3.9 times, p < 0.05), which contributes to the progression
of diabetic kidney disease. The use of Quercetin in the complex therapy
of non-alcoholic steatohepatitis and type 2 diabetes mellitus with
diabetic kidney disease contributes to the reduction of oxidative stress,
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increased activity of antioxidant defense factors (content of reduced
glutathione in erythrocytes, reduction of cytokeratin-18 content by 1.7
times) and endothelial damage (reduction of homocysteine content in
blood by 1.9 times) (p < 0.05).

Conclusions. The comorbid course of nonalcoholic steatohepatitis
and diabetic kidney disease in patients with type 2 diabetes mellitus is
accompanied by a significant increase in the intensity of oxidative stress,
and in the content of intermediate and final products of lipid
peroxidation and oxidative modification of proteins (p < 0.05).

Keywords: non-alcoholic steatohepatitis, type 2 diabetes mellitus,
diabetic kidney disease, oxidative-antioxidant homeostasis, apoptosis,
atherosclerosis, Quercetin.
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Oxcana C. XyxJaiHa,

3opsana S1. Kourooiiiuyk,
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Kageopa eHympiuHb0i MeduyuHu,
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oepaicasHull  MeOuyHull yHieepcu-
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IHTEHCHUBHICTb OKCHUJATHUBHOI'O CTPECY AK
YHIBEPCAJIBHOTI'O MEXAHI3MY INOMKOJXEHHA
TKAHHUH ITPU HEAJIKOTI'OJIBHOMY CTEATOTEIIATHUTI TA
JIABETUYHIM XBOPOBI HHMPOK VY XBOPHUX HA
IIYKPOBHAW MIBET THUIY 2. EGEKTHUBHICTHh KOPEKIIII
KBEPHETHHOM

Meta po6oTu: Oyso 3'ACyBaHHs IHTCHCHBHOCTI BIUIMBY KOMIUIEKCY
3aco0iB MeTdopMmiHy, po3dyBacraTina, Eccermiane ¢popte H i kBepueTnny
Ha CTaH OKCHAAHTHO-aHTHOKCHAAHTHOTO TOMEOCTa3y, a TAaKOX Ha iHTEH-
CHBHICTP amOITO3y TEMaTOINTIB 3a 3MICTOM B KPOBi IIHTOKEepaTHHY-18,
AKi € (axkropaMu MPOrpecyBaHHS HEATKOTOJBHOIO CTEATOreNaTHTy i
JiabeTHYHOT XBOPOOH HHUPOK.

Martepianu Ta Meroau. [IpoBeneHi TOCTIKSHHS B AMHAMIII JIKY-
BaHHS Y 75 XBOPUX HEAJIKOTOJILHOI'O CTEATOTSMATUTY 3 IIYKPOBUM JTiabe-
ToM THNYy 2 1 niabernuHoi xBopobu Hupok I-III craxii. 3rigHo mpusHa-
YEHOTO JIIKYBaHHS 00CTeXeHi XBopi Oynu posnineHi Ha 2 rpynu: (1 rpy-
ma — KOHTpOJIbHA: 37 Mali€HTiB) OTPUMYBAIH TINOKAJIOPIHHY MIETY 3
ypaxyBaHHsIM oOMexxeHb mietu Ne 9, eceHmianbHi ¢ochomimian (Eccen-
miae gopre H 300 mMr mo 2 karc. 3 pasu Ha neHp) 30 AHIB 3 METOO JIi-
KyBaHHSI aKTHBHOTO HEAJKOTOJBHOTO CTEAaTOTeIaTHTy, 3 MPUBOILY KOMOp-
6iHOrO IYKpOBOro Aiabery Tumy 2 1 rinmepuimigemii npu3HavyaIn MeT-
dhopminy rigpoxaopun (Metpopmun-Tesa) 1000 mr Ha 100y, po3yBac-
taTuH (Po3yBactatun-TeBa 5 mr 1 pa3 Ha JeHp) npoTsaroM | micais. 2
rpyny ckmanu marieHtu (38 ocib), fKi, KpiM aHAJOTIYHUX IETHIHHUX
pEeKOMEeHAAIlIf MO0 Ji€TH Ta JIKYBaHHS, JOJATKOBO OTPUMYBAIH IIpe-
napar kBepuetuny i nosinony (Kopsitun) mo 500 mr B 100 mit i30TOHi-
YHOTO PO3UMHY HATPiI0 XJIOpHAY) B mpoTsiroM 10 aHiB.

PesyabTaTi pocaigkeHHsi. AHaN3 OTPUMaHUX JAHHMX IOKa3aB, 110
JI0 JIIKYBaHHS Y XBOPUX 000X I'pyIl MOPIBHAHHS OyJI0 BCTAHOBIEHO 3HA-
YHI Mipi OKCHAATHBHOTO CTPECy, SIKMH CYIPOBOPKYBAaBCS 1CTOTHHM
HaKOTIMYEHHSAM B KPOBi MPOMDKHHUX 1 KiHIIEBUX MPOIYKTIB MEPEKHCHOTO
OKHMCJICHHS JIMiJIiB 1 OKUCHIOBaNBbHOI Moaudikamii 6inkiB. Tak, 10 JiKy-
BaHHS BMICT MaJIOHOBOTO ajbJCTiAy B IUIa3Mi KPOBi MEPEBUIYBaB pe-
thepenTHi 3Ha4eHHA B 2,1 pas3u (p < 0,05), BMicT 130J150BaHUX HOABIHHUX
3Bs3kiB — B 1,9 pasm (p<0,05), BMmicT ampaeria-auHITpPO-
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deninrigpazoniB — B 2,3 pasu (p < 0,05). V TO# e yac, CTaH CHCTEMHU
AHTHOKCHJIAHTHOTO 3aXUCTy OyB iCTOTHO po3OamaHcoBaHHUHA. Tak, BMICT
Yy KpOBi BIZHOBJICHOTO TIIyTaTiOHY OyB HI)KYE TOKA3HUKA y MPAKTUIHO
3mopoBux oci6 B 1,7 pasu (p < 0,05), akTHBHICTB IIIyTaTiOHIIEPOKCHIA3H
— Oyna 3umxkeHa B 1,3 pasu (p < 0,05), 110 MOSCHIOE BUCOKY IHTCHCHUB-
HICTh OKCHJIATHBHOT'O CTPECY y 0OCTE)XKEHHX XBOPHX. 3a3HaueHi NPOIyK-
TH TIEPEKUCHOTO OKHUCJICHHS JIMIIB i OKHCHIOBATBHOT Momudikarii 0i-
KiB Ha TJIi ICTOTHOTO HEAOCTATHOCTI CUCTEMHU aHTHOKCHJIAHTHOTO 3aXHC-
Ty MPHBENHU 10 aKTHBAL{ MPOIECiB aonTo3y renaTonuTiB. CBiT4eHHIM
IIBOTO € ICTOTHE MiIBUINCHHS BMICTY B KpOBi IMTOKepaTuHy-18 y 7,5
pasu (p < 0,05) B mOpiBHSAHHI 3 MPAKTHIHO 30POBUMH 0COOAMHU.

BucnoBku. KoMop0inuuii nmepedir HeaTkoroJIFHOTO CTEaTOTCaTHTY
i miabeTnyHOI XBOpOOM HHPOK y XBOPHX Ha IyKpOBWH niaber tuiry 2
CYIIPOBOIKYETHCS ICTOTHIM 3POCTaHHSIM iHTCHCHBHOCTI OKCHIATHBHOTO
CTpeCy, CYMPOBOKYEThCS 3POCTAHHSM BMICTY B KPOBI HMPOMDKHHX i
KIHIICBUX TPOIYKTIB MEPEKUCHOTO OKHMCJICHHS JIIMIAIB I OKMCHIOBAIBHOT
Mouikarii 6inkiB B Mexxax 1,9-2,3 pasu (p < 0,05).

Koaro4oBi ciioBa: HealKOronbpHUI CTEaTOrenaruT, IyKpoBHi aiader
TUny 2, miabeTHuHa XBOpPOOa HHUPOK, OKCHIAHTHO-aHTHOKCHIAHTHHN

romMeocTas, aromnTo3, arepoCKICPO3, KBEPLUCTHUH.
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Introduction/Beryn

Every year in Ukraine and the world the
incidence of non-alcoholic steatohepatitis (NASH)
in patients with obesity and type 2 diabetes mellitus
(DM2) is significantly increasing [1, 2]. These
diseases have a large number of common etio-
pathogenetic links and mechanisms of mutual
burden. The intensity of damage factors increases
with the development of diabetic kidney disease
(DKD) [1, 2, 3, 4].

Oxidative stress (OS) occupies a leading place
in the mechanisms of progression of NASH and
DKD in patients with diabetes mellitus [5, 1, 2, 3].
The increase in the intensity of OS under the
influence of wvarious inducers underlies the
transformation of nonalcoholic steatosis of the liver
into NASH, the development and progression of
inflammatory-necrotic changes in the liver in
NASH, as well as liver fibrosis [1]. Enhancement of
lipid  peroxidation (LPO) and  oxidative
modification of proteins (OMP) of organelle
membranes is accompanied by swelling of
mitochondria, increased permeability of lysosomal

membranes, systemic disruption of cell membrane
integrity [5, 2, 3]. LPO products stimulate collagen
formation in the liver and kidneys [1], as well as
cause the formation of Mallory cells, which
involves the deposition of cross-linked cytokeratin
monomers [6, 2]. Accumulation of endotoxins,
intermediate and end products of LPO on the
background of impaired carbohydrate and lipid
metabolism contribute to the induction of
cytochrome P450 (Cyp2E1), which is accompanied
by the release of large amounts of free radicals of
oxygen (FRO) and nitrogen [7]. Increased oxygen
consumption by hepatocytes is also accompanied
by the formation of FRO and increased processes of
LPO and OMP [5, 8, 3]. In NASH, there is
increased activity of cytochrome P450 in the liver,
which is able to generate FRO in the process of
detoxification of free fatty acids (FFA), aldehydes,
ketones, N-nitrosamines, and other endotoxins and
exotoxins [1]. Initiation of necrotic processes in
liver tissue is also a consequence of FRO
hyperproduction [2]. An important role in the
attachment of the inflammatory component is
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played by the processes of LPO of structural
membrane lipids, which induce the processes of
apoptosis and cytolysis of hepatocytes [5, 1].
Evidence of this is a significant increase in the
expression on lymphocytes of the marker of
apoptosis Fas Apo-1 (CD95) against the
background of a significant increase in LPO
processes [1]. This is facilitated by hyperproduction
of proinflammatory cytokines (TNF-a, IL-1p, IL-6,
IL-8, TGF-B1), which occurs in response to
endotoxinemia [2]. The entry of lysosomal
hydrolases and other components of the hepatocyte
into the intercellular space and into the systemic
circulation is a signal to the induction of a cascade
of reactions in response to damage [6, 1]. A further
scenario involves the activation of cell adhesion
molecules (ICAM-1, ICAM-2), polymorphonuclear
infiltration of liver tissue, microcirculation
disorders, ie the progression of dystrophic and
inflammatory-necrotic changes in liver tissue [2].
By a similar mechanism, OS affects the
endothelium, causing the development of
endothelial apoptosis, its accelerated exfoliation
and endothelial dysfunction (ED). OS promotes the
development of micro- and macroangiopathies in
patients with diabetes mellitus 2 with the
development of angiospasms and in general —
disruption of microcirculation and oxygen supply to
peripheral tissues, liver and kidney parenchyma,
which causes progression of NASH and DKD [6, 5,
1,2].

Oxidative stress is counteracted by antioxidant
defense systems (AODS). The leading system of
the natural detoxification system and AODS is the
glutathione system. Performing the functions of the
universal redox system, glutathione and a number
of enzymes that serve it protect cell membranes
from the effects of FRO, nitrogen (peroxynitrite),
hydroperoxides, and binds hydrophilic products of
microsomal oxidation (first phase of detoxification)
and provides the second phase conjugation) with
the excretion of non-toxic compounds from the
body [1, 2]. Under conditions of comorbidity of
pathological conditions, which are accompanied by
a significant degree of OS, it is important to
monitor the state of the AODS, because the
glutathione link is constantly depleted and requires
periodic replenishment. In our previous studies, it
was proved that appropriate control over the
content of reduced glutathione in erythrocytes
makes it possible to adequately assess the body's
need to restore and stimulate the antioxidant system
(AQOS) in general in order to counteract OS [5, 1,

2]. Thus, a large number of studies on this
comorbidity indicates a significant relevance of this
problem, and a number of unresolved issues
concerning the study of the mechanisms of cell
damage by induction of apoptosis, as well as
control over the intensity of their progression
against the background of oxidative-antioxidant
imbalance and, most importantly, the development
of treatment methods by monitoring the state of the
AOS and reducing the intensity of damaging free
radical effects.

In terms of counteracting free radical effects in
clinical practice, Quercetin is a flavonoid of herbal
origin, which inhibits the intensity of LPO and
OMP membranes, stimulates the activity of catalase
and superoxide dismutase (SOD) in cells [9, 6, 10,
11, 12]. Quercetin restores the ability of the
endothelium to synthesize NO, which explains its
cardioprotective effect in ischemic and reperfusion
heart disease [9, 10, 13, 14, 15]. The drug has a
powerful anti-inflammatory effect, inhibiting
5-lipoxygenase, cyclooxygenase, hyaluronidase, a
number of proteases, calcium-dependent ATPase,
synthesis of leukotrienes LTC4 and LTB4, has
immunomodulatory properties, thus, reducing the
area of necrotized myocardium and enhancing
reparative processes [16, 17, 7, 18, 19]. There are a
number of reports of hypolipidemic, choleretic,
anticholestatic, hepatoprotective properties of
Quercetin, established in obese people and in
patients with NASH [9, 10, 8, 20, 3, 4, 21-24]. At
the same time, the complex effect of Quercetin on
the functional state of the LPO-AQODS, the intensity
of apoptosis and the factors that regulate them in
patients with NASH and DKD on the background
of diabetes mellitus 2 has been studied in limited
patients or experimentally.

The objective of the study was to determine
the effect of a complex of Metformin, Rosuvastatin,
Essentiale Forte N and Quercetin on the state of
oxidative-antioxidant homeostasis, as well as the
intensity of apoptosis of hepatocytes by blood
cytokeratin-18 content, which are factors in the
progression of NASH and DKD.

Material and methods. 75 patients with non-
alcoholic steatohepatitis with type 2 diabetes
mellitus and stage I-I1l diabetic kidney disease
were studied over time. According to the prescribed
treatment, the examined patients were divided into
2 groups: (group 1 — the controls: 37 patients)
received a low-calorie diet with dietary restrictions
No.9, essential phospholipids (Essentiale Forte N
(Sanofi—Avensis / Natterman and Cie mg GmbH) 2
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caps. 3 times a day) 30 days for the treatment of
active NASH, metformin hydrochloride
(Metformin-Teva, LLC Teva Operations Poland)
1000 mg per day, rosuvastatin (Rozuvastatin-Teva,
LLC Teva Operations Poland) (5 mg once daily) for
1 month for concomitant type 2 diabetes and
hyperlipidemia. Group 2 consisted of patients (38
people) who in addition to similar dietary
recommendations and 1 month long therapy,
received Quercetin and Povidone (Corvitin (PC
NVC "Borshchahivsky CFP", Ukraine) 500 mg in
100 ml of isotonic sodium chloride solution) for 10
days. The mean age of patients was (54.7 = 3.56)
years. Groups of patients were randomized by age,
sex, duration of the disease. The comparison group
for the presentation of the average reference values
of homeostasis indicators consisted of 30
apparently healthy individuals (AHP) of the
corresponding age.

The diagnosis of NASH was established in
accordance with the unified clinical protocol
approved by the order of the Ministry of Health of
Ukraine No. 826 dated 06.11.2014, in the presence
of criteria for exclusion of chronic diffuse liver
disease of viral, hereditary, autoimmune or drug
origin as the cause of cytolytic, cholestatic
syndromes and on account of the results of
ultrasonography (USG) on the ultrasound scanner
Ultima PA ("Radmir”, Kharkov, Ukraine) with
shear wave elastography to determine the stage of
liver fibrosis [5], calculation of hepato-renal index
(HRI) and biochemical stestotests ("SteatoTest",
"ASH" and "NASH-Test" (BioPredictive, France))
— to determine the degree of steatosis of the liver
and its nature (alcoholic or non-alcoholic).

Diagnosis of type 2 diabetes was carried out in
accordance with the unified clinical protocol
approved by the Order of the Ministry of Health of
Ukraine No. 1118 dated 21.12.2012. Diagnosis and
treatment of CKD was carried out according to the
recommendations of clinical guidelines GA
"Institute of Nephrology NAMS of Ukraine"
(2012). Calculation of glomerular filtration rate
(GFR) was performed using a GFR calculator of the
Institute of Nephrology of the National Academy of
Medical Sciences of Ukraine on the average value
of three calculated indicators: creatinine clearance
by Cocroft-Golt formula, MDRD and CKD EPI [6].
Determination of DKD stages was carried out
according to the classification of Mogensen CE
(1983) [9, 6].

The intensity of oxidative modification of
proteins (OMP) in serum was determined by the

method of Dubinina OE et al. in the modification of
Meshchishen IF with regard to the content of
aldehyde and  ketondinitro-phenylhydrazones
(AKDPH) in the blood. The content of LPO
products in the blood — isolated double bonds (IDP)
in compounds, diene conjugates (DC), ketodienes
and conjugated trienes (KCT) — was assayed
according to Volchegorsky 1A et al.,, Malonic
aldehyde (MA) in blood plasma and Er — according
to Vladimirov YuA, Archakov Al. The content of
reduced glutathione (RG) in the blood was
determined by the titration method according to
Travina OV in the modification of Meshchishin IF,
Petrova IV. The activity of enzymes of the AODS:
glutathione peroxidase (GP) was studied by
Meshchishin IF, glutathione-S-transferase (GT) —
by Meshchishin IF, catalase — by Korolyuk MA et
al. Enzyme activity was calculated per 1 g of Hb.
The content of cytokeratin-18 (CC-18) in the blood
was assayed by enzyme-linked immunosorbent
assay (ELISA) using Elisa reagents. The content of
homocysteine in the blood was performed by
ELISA using a set of reagents Axis® Homocysteine
Enzyme Immunoassay.

Before testing the statistical hypotheses, the
analysis of the normality of the distribution of
values in randomized samples was performed by
determining the coefficients of asymmetry and
excess using the Khan—Shapiro-Wilk test. The
statistical significance of the difference between the
arithmetic mean and its error between the study
groups was determined using the bilateral odd
Student's t-test. The difference was considered
significant at a significance level of p <0.05.
Student's t-test was used only in the case of a
normal distribution of equal variances of the
compared samples, which was checked using
Fisher's F-test. In other cases, a nonparametric
Mann-Whitney rank test was used to compare the
results. The statistical significance of changes in
variations over time in the case of normal
distribution in the samples was determined by
Student's paired test, in other cases — by non-
parametric paired T-test of Wilcoxon. For statistical
analysis of the obtained results we used Statistica
software packages for Windows version 8.0 (Stat
Soft Inc., USA), Microsoft Excel 2007 (Microsoft,
USA).

Research results and discussion. The analysis
of the obtained data showed that before treatment in
patients of both groups of comparison a significant
degree of OS was established, which was
accompanied by a significant accumulation in the
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blood of intermediate and final products of LPO
and OMP. Thus, before treatment, the content of
MA in blood plasma exceeded the reference values
by 2.1 times (p < 0.05), the content of FRO — by 1.9
times (p <0.05), the content of AKDPH OC — by
2.3 times (p < 0.05) (Table 1). At the same time, the
state of the antioxidant defense system was
significantly unbalanced. Thus, the content of GR
in the blood was lower than in AHP by 1.7 times

(p < 0.05), the activity of G3 — was inhibited by 1.3
times (p < 0.05), which explains the high intensity
of OS in the subjects patients.

These products of LPO and OMP on the
background of significant insufficiency of the ADS
system led to the activation of hepatocyte apoptosis.
Evidence of this is a significant increase in the
content of CC-18 in the blood — by 7.5 times
(p < 0.05) compared with AHP.

Table 1 — Indicators of oxidative stress intensity, antioxidant protection factors and markers of
hepatocyte apoptosis in patients with a combined course of non-alcoholic steatohepatitis, type 2 diabetes

mellitus and diabetic kidney disease over time (M + m)

Groups of examined patients
AHP, - : _
Indexes n=130 Control group, n = 37 Main group, n = 38
before after before after

MA plasma,

2.22+0.09 471+£009% | 318+007%* | 473+007* 2.35 + 0.05%/
umol/hour*L
IDP, E220/ml | 2.89 £0.02 553+ 006 | 4.76+005* | 552+ 008 3.28 < 0.04%7#
AKDPH OC, 1.37+0.03 317+008% | 2.75+004%* | 3.19+0.05*% 1.70 + 0.03*/**/#
U/L of protein
GR, pkmol/L 0034004 0.56 = 0.05% 0.65 < 0,04 0.55 < 0.06* 0.83 £ 0.02°/#
GP, nmol 152224346 | 12031+545% | 131.644514* | 122.18+536% | 149.85+ 3.25%%/4
VG/min*g Hb
fgt%k/ira“”' 57624537 | 42834+ 17.87% | 385.83+ 15.83* | 430.52 + 18.45% | 249.28 + 12.19%/**/4
Elfr;";(l’fte'”e' 003+042 | 3827+151* | 3262+137% | 3923+143% | 2042+ 1.31%*/4

Note: * — the difference is significant in comparison with the indicator in AHP (p < 0.05);
** _ the difference is significant in comparison with the indicator before treatment (p < 0.05);
# — the difference is significant in comparison with the indicator in patients of the control group after treatment (p < 0.05)

Intensive OS and metabolic intoxication also
resulted in an increase in the blood content of
homocysteine in patients with NASH with DKD —
by 3.9 times (p <0.05), which poses a risk of
endothelial damage and progression of DKD.

The correlation analysis indicates a strong and
medium correlation between the intensity of OS
and the content of CC-18 and homocysteine in the
blood of patients with NASH with DKD on the
background of diabetes mellitus 2 (Table 2), as well
as weak and medium relationship with markers of
liver damage in NASH and stage DKD (p < 0,05).

Analyzing the indicators after treatment should
indicate the higher effectiveness of therapy, which
additionally contained Quercetin. Thus,
significantly increased content of MA in the blood
before treatment under the influence of therapy
decreased in group 1 by 1.5 times (p < 0.05), in

group 2 — by 2.0 times (p <0.05). The increased
content of the intermediate product LPO IDP
decreased by 1.2 and 1.7 times, respectively
(p<0.05). The prescribed therapy also had a
significant effect on the increased content of
AKDPH OC in the blood (2.3 times): the decrease
was 1.2 and 1.9 times, respectively (p < 0.05). That
is, after treatment we found a decrease in the
intensity of OS as relative to the oxidation of
structural lipids of cell membranes, including
endothelium, hepatocytes and podocytes, and
relative to structural proteins, due to the established
increase in the activity of AODS. This is evidenced
by the recovery of more glutathione in erythrocytes:
in group 1 — 1.2 times (p > 0.05), in group 2 — 1.5
times (p <0.05) and a significant increase in the
activity of GP after treatment — only in patients of
group 2 1.2 times (p < 0.05) (Table 1).
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Table 2 — Matrix of correlations of morpho-functional parameters of the liver, kidneys, blood
cytokeratin-18 and homocysteine with indicators of oxidative-antioxidant homeostasis in patients with

NASH and DKD, DM2 (r, p)

Index MA IDP DC AKDPH GR GP Catalase
Bilirubin 0.32* 0.43* 0.41* 0.38* -0.45* -0.21 -0.23
ALT 0.53* 0.57* 0.58* 0.44* -0.69* -0.34* -0.37*
AST 0.51* 0.53* 0.51* 0.39* -0.64* -0.33* -0.38*
GGT 0.49* 0.44* 0.47* 0.32* -0.57* -0.20 -0.25
AP 0.41* 0.43* 0.42* 0.33* -0.43* -0.28* -0.12
Thymol test 0.48* 0.49* 0.47* 0.45* -0.68* -0.35* -0.37*
Albumins -0.34* -0.41* -0.42* -0.34* 0.59* 0.43* 0.45*
Creatinine 0.58* 0.59* 0.60* 0.63* -0.67* -0.50* -0.53*
GFR -0.61* -0.63* -0.65* -0.62* 0.62* 0.32* 0.33
Steat test 0.60* 0.62* 0.63* 0.51* -0.65* -0.49* -0.50*
NASH- test 0.63* 0.65* 0.66* 0.52* -0.68* -0.53* -0.56*
Fibrotest 0.54* 0.57* 0.59* 0.57* -0.67* -0.55* -0.57*
CC-18 0.63* 0.68* 0.72* 0.70* -0.75* -0.64* -0.65*
Homocysteine 0.51* 0.53* 0.57* 0.44* -0.61* -0.43* -0.48*

Note: * — statistically significant correlation coefficient (p < 0.05)

The obtained research results indicate that a
significant decrease in the intensity of apoptosis
processes after treatment was registered only in
patients of group 2. Thus, the average blood content
of CC-18 in patients with NASH with DKD group
2 after treatment significantly decreased by 1.7
times (p <0.05), while in patients with group 1
changes were unlikely.

Conclusions/BucHoBKu

Comorbid course of nonalcoholic steatohepatitis
and diabetic kidney disease in patients with type 2
diabetes mellitus is accompanied by a significant
increase in the intensity of oxidative stress,
accompanied by an increase in the content of
intermediate  and final products of lipid
peroxidation and oxidative modification of proteins
(p < 0.05). The damaging effect of oxidative stress
in patients with type 2 diabetes leads to activation
of hepatocyte apoptosis (7.5-fold increase in blood
cytokeratin-18, p <0.05) with the progression of
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