ISSN 2079-8334. Ceim meouyunu ma oionocii. 2022. Ne 3 (81)

DOI 10.26724/2079-8334-2022-3-81-76-82
UDC 616.36-003.826-06:616.12-008.331.1

57 % o by % G v
pelh ] 5 k. XYk Ivanoy

% Kravehenko. O 4/»; pethans. AV Poliakov. 1. Yu Borysiuk.’

(Yl 5 o G
L IIESS 7 Lo ] (O8NS

oy

QUERCETIN EFFECTIVENESS IN THE COMPLEX HYPOLIPIDEMIC THERAPY
OF PATIENTS WITH NONALCOHOLIC FATTY LIVER DISEASE WITH METABOLIC
SYNDROME

e-mail: lyudmila.kravchenko.52@gmail.com

86 patients with metabolic syndrome and comorbid nonalcoholic fatty liver disease were carried out general clinical and
laboratory-instrumental examinations. After registration of the initial data, the patients were divided into 2 groups: 41 patients with
the use of rosuvastatin were added quercetin 40 mg 3 times a day for 3 months to the basic therapy (group 1). The basic therapy with
rosuvastatin only was carried out in 45 patients (group 2). After the treatment on the 90th day, positive changes in lipid metabolism
were registered in all the patients. The group 2 patients had a decrease in the level of low-density lipoproteins by 21.2 % (p<0.05), an
increase in high-density lipoproteins by 43.3 % (p<0.05). The liver transaminase activity was lower by 15.0 %, concentration of pro-
inflammatory interleukin-6 and cytokeratin-18 — by 10.0 % (p>0.05). In patients of the group 1 the level of low-density lipoproteins
decreased by 39.5 % (p<0.05), the triglycerides — twice, activity of transaminase — by 30.0 % (p<0.05). The high-density lipoproteins
level increased by 72.0 % (p<0.05). Interleukins and cytokeratin-18 concentration reliably decreased by 23.0 % (p<0.05) (p=0.001).
It was found that the comorbid course of the nonalcoholic fatty liver disease is accompanied by an increase in the oxidative stress
intensity, which is determined by increased level in the blood of the end products of lipid peroxidation — malondialdehyde — on average
3.8 times (p<0.05). The use of quercetin in the complex therapy of the nonalcoholic fatty liver disease contributes to a reliable reduction
in the oxidative stress intensity, an increase in the antioxidant protection activity (superoxide dismutase), the consequence of which is
a significant reduction in the hepatocytes apoptosis process (decrease in cytokeratine-18 level 1.27 times as much).
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E®EKTUBHICTb 3ACTOCYBAHHA KBEPHETUHY ¥ KOMILIEKCHIH
T'TITOJIIITAEMIMHIN TEPAIIII XBOPUX HA HEAJIKOI'OJIBHY )KHPOBY XBOPOBY
NEYIHKHA ITPU METABOJIITYHOMY CHUHJAPOMI

INpoBeneno 3aranpHO KIIHIYHI Ta 1a00PaTOPHO-IHCTPyMEHTAIBHI 00CTEXKEHHS 86 MaIieHTiB 3 MeTabOIIYHAM CHHAPOMOM i
KOMOPOIIHIM 3aXBOPIOBAHHSIM Ha HEAJIKOTOJIbHY KUPOBY XBOpoOy meuiHku. [1icis peecTparii BUXiTHUX JaHNX, XBOPHX MOALTIIN HA
2 rpynu: 1o 6a3ucHOI Tepamnii 41 manieHTaM i3 3aCTOCYBaHHIM PO3yBacTaTUHY JofaBayi KeepueTrH 40 Mr 3 pasu Ha JIeHb IPOTIIOM
3 micsiiB (1 rpymna). BasucHy Teparito Tiibku po3yBacTaTHOM rpoBoann y 45 xBopux (2 rpyna). [Ticns mikysanus Ha 90-y o0y y
BCiX MAali€eHTiB Oy/In 3apeecTpoBaHi MO3UTHBHI 3MiHM B OOMiHI JimigiB. Y mauieHTiB 2 Tpynu OyJ0 BHSBICHO 3MEHIUICHHS PiBHS
JronpoteiHiB Hu3bKkoi miibHOCTI Ha 21,2 % (p<0,05), migBUIIEHHS TimomporeiHiB BHCOKOI mImbHOCTI Ha 43,3 % (p<0,05).
AKTHBHICTb TI€4iHKOBHUX TpaHCaMiHa3 3MEHILyBaiach Ha 15 %, KOHLeHTpallis npo3arnaibHoro inTepieiikiny IL-6 Ta uutokeparuny-
18 na 10,0 % (p>0,05). Y nariienTiB nepoi rpynu piBeHb JHIONPOTETHIB HU3bKOT LIUIbHOCTI 3MeHIuBCs Ha 39,5 % (p<0,05), BmicT
TPUITNEpuAiB y 2 pasy, akTHBHICTH TpaHcaminaz Ha 30 % (p<0,05). Piens JIIBII[ mimBumrysascst Ha 72,0 % (p<0,05).
KoHueHTpauist inTepnelkiniB i nurokeparuny-18 nocrosipHo 3mennmiuack Ha 23,0 % (p<0,05). BeranosneHo, 1o KOMOpOiAHMIH
nepedir HealKorobHOI KUPOBOi XBOPOOH MEUYIHKH CYHPOBOPKYETHCSI 3POCTAHHSIM IHTEHCHMBHOCTI OKCHAATHBHOIO CTPECY, SIKMil
BU3HAYAETHCS 1T ABUIIIEHUM BMICTOM B KPOBI KiHIIEBHX ITPOIYKTIB MEPOKCHIHOTO OKUCIEHH JiminiB — MJIA B cepenasoMy y 3,8 paszu
(p<0,05). 3acTocyBaHHSI KBEpPLETHHY Yy KOMIUIGKCHIM Teparii HEaJKOTroJIbHOI KHUPOBOi XBOPOOHM TMEYiHKH CIIPUSE BipOTiIHOMY
3HW)KEHHIO 1HTCHCUBHOCTI OKCHIATHBHOTO CTPECY, MiJICHJICHHIO aKTHBHOCTI aHTHOKCHIAHTHOTO 3aXMCTY (CyNEepOKCHIUIICMYTA3H),
HACJIZIKOM YOT0 € iCTOTHE 3HWKCHHSI IIPOLIECY alloNTO3y IenaroLuTiB (3HIKCHHS BMICTY LIMTOKepaTuHy-18 y 1,27 pasn).

KurouoBi cioBa: meraGonmiuHHN CHHIPOM, HEAJKOIOJbHA J>KMPOBAa XBOpOOa IEUYiHKM, TiMoOJimifeMidHa Teparis,
KBEPLICTHH, 3aMlaJCHHS.

The study is a fragment of the research project “Comorbid conditions in patients with metabolic syndrome: familial
hypercholesterolemia, fatty hepatosis, periodontopathies (pathogenesis, diagnosis, correction)”, state registration number
0121000263

The prevalence of the metabolic syndrome (MS), which is associated with a subclinical damage to
vital organs, is increasing. Defects in lipid and carbohydrate metabolism are extremely widespread
components of the MS pathogenesis, which cause disorders in the cells, tissues, and organs. The liver plays
a key role in lipid and carbohydrate metabolism disorder. It was established that insulin resistance against
the MS background induces the accumulation of lipids in hepatocytes, increasing the liver susceptibility.
Systemic inflammation taking place against the background of lipids accumulation in the liver tissues with
MS causes its damage, inflammation, and fibrosis [6, 8]. The frequent incidence of the nonalcoholic fatty
liver disease (NAFLD) in patients with MS with the development of inflammation in the liver tissue, which
occurs under the oxidative stress influence, substantiates a necessity of using antioxidant drugs that would
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affect the main pathogenetic components of the disease development. So, a special attention in the
management of patients with NAFLD against the MS background is drawn to a possibility of using plant
antioxidants capable of correcting indicators of oxidative stress, inflammation, in particular, compounds
from the flavonoids series, such as quercetin.

The purpose of the study was to improve the efficacy of therapy in patients with nonalcoholic
fatty liver disease and metabolic syndrome.

Material and methods. 86 patients (average age 46+8 years) with metabolic syndrome were
examined. The metabolic syndrome was diagnosed according to the Metabolic Syndrome Consensus [5].

All the examined patients underwent a general clinical examination, which included the anamnestic
data collection, physical examination, laboratory (clinical blood and urine analysis, biochemical tests of the
blood serum: liver enzymes (alanine aminotransferase (ALT), aspartate aminotransferase (AST), gamma-
glutamyl transpeptidase (GGTP), lipid profile (total cholesterol (TC), very low-density lipoproteins (VLDL),
low-density lipoproteins (LDL), high-density lipoproteins (HDL), triglycerides (TG), LPO indicators, AOS
[3] enzyme immunoassay with determination of IL-6 and CK-18 concentration [2].

The level of malondialdehyde (MDA) was determined by the reaction with thiobarbituric acid,
which at high temperature in an acidic environment proceeds with the formation of a dyed trimethyl
complex. The activity of superoxide dismutase (SOD) was determined by the level of inhibition by the
nitrotetrazolium blue reduction enzyme with the participation of reduced nicotinamide-adenine
dinucleotide (NAD) and phenazine methosulfate [3].

The liver ultrasound, liver elastography, and ECG were carried out.

The diagnosis “Nonalcoholic fatty liver disease” was established according to the current guideline
“Nonalcoholic fatty liver disease” (2014), the recommendations “Diagnosis and treatment of nonalcoholic
fatty liver disease: a practical guide of the American Association for the Study of Liver Diseases, College
of Gastroenterology and the American Gastroenterological Association (2012) and EASL — EASD —EASO
Clinical Practice Guidelines for the management of nonalcoholic fatty liver disease (2016) [4, 7].

For the diagnosis of nonalcoholic steatosis, ultrasound was used, which allows not only to assess
the state of the liver (both the morphological component and acoustic properties), but also to detect the
gallbladder and liver vessels abnormalities. The presence of steatohepatitis was diagnosed when ultrasound
signs of fatty liver dystrophy were combined with increased level of liver transaminases.

The patients were divided into 4 groups by “simple randomization”: the first group — 41 patients
with NAFLD with MS, who received a standard hypolipidemic therapy, HMG-CoA reductase inhibitor
rosuvastatin ‘“Rosuvastatin IS” (“Interchim”, Ukraine) per os 20 mg/day and the quercetin preparation
("Quertin" chewable tablets produced by the Borshchahivka Chemical Plant) by 40 mg three times a day
for a long time, for 3 months; the group 2 — 45 patients with NAFLD with MS used the same term (90
days), the rosuvastatin course consisted of 20 mg/day; the group 3 included 20 patients with MS without
liver complications, who were not subject to hypolipidemic therapy; the group 4 (the control group)
consisted of 14 practically healthy people.

After registration of initial data, the basic therapy and quercetin were prescribed to all the patients
of the studied groups.

The comprehensive laboratory-instrumental examination was carried out at the beginning of
treatment, on the 40th and 90th day of treatment.

The mathematical computer processing of the research results was carried out using the software
package “Statistica 8.0” — (Stat Soft Inc, USA). The differences were considered reliable at the level of
statistical significance p<0.05.

Results of the study and their discussion. At the beginning of the study, the patients with NAFLD
and MS complained of rapid fatigue, general weakness, heaviness in the right hypochondrium, lack of
appetite, flatulence, and a tendency to constipation. During the objective examination, moderate
enlargement of the liver was noted, sometimes pain during palpation. The liver enlargement was confirmed
by ultrasound data, an uneven increase in the echogenicity of the liver tissue was observed. The patients of
the group 1 complained of heaviness and discomfort in the right hypochondrium — 37 (90.2 %) patients, 34
(82.9 %) patients had decreased appetite. The patients of the group 2 had heaviness and discomfort in the
right hypochondrium — 40 (88.8 %) patients, 37 (82 %) patients had decreased appetite, fatigue took place
in 98.6 % patients. In the group 1, according to ultrasound, the 2nd degree liver steatosis (mostly diffused)
was detected in 25 (60.9 %) patients, and 37 (90.2 %) patients had the diaphragmatic margin U-sound
attenuation, according to elastography, liver density up to 5.8 kPa was in 32 (78 %) patients. In the group
2, 26 (57.7 %) patients had the 2" level of fatty infiltration (diffused), 38 (84.4 %) patients had U-sound
attenuation, and 35 (77.7 %) patients had the liver density up to 5.8 kPa according to the results of
elastography.
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Biochemical parameters of the blood serum compared to patients of the control group were
elevated: liver enzymes ALT, AST, triglycerides, total cholesterol, LDL, MDA level, concentration of IL-
6, CK-18 with a decrease in the SOD activity and the level of HDL. GGTP indicators in all groups ranged
within the reference values (Table 1).

Table 1
The studied serum blood indicators in patients with metabolic syndrome and NAFLD before the treatment
Groups
Group 1 Group 2
Indices Control . .

group MS NAFLD Steatosis NASH NAFLD Steatosis NASH

=1 4’ n=20 n=11 n=22 n=8 n=12 n=23 n=10
TG, mmol/l, 1.15+0.07 1.90+0.07 1.96+0.08 2.08+0.08 2.26+0.09 1.9+0.09 2.10+0.08 2.32+0.09
P <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
p1 >0.05 >0.05 <0.05 >0.05 >0.05 <0.05
VLDL, mmol/, 0.38+0.12 0.68+0.11 0.72+0.10 0.76+0.13 0.80+0.14 0.74+0.12 0.78+0.13 0.82+0.16
P <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
p1 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05
LDL, mmol/l 2.78+0.11 4.40+0.20 5.18+0.18 5.20+0.20 5.22+0.19 5.15+0.16 5.18+0.19 5.20+0.22
P <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
p1 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
HDL, mmol/1 1.25+0.08 1.10+£0.09 1.10+£0.09 1.30+0.08 1.10+£0.07 1.00+0.07 1.20+0.09 1.18+0.09
p >0.05 >0.05 >0.05 >0.05 <0.05 >0.05 >0.05
pi >0.05 >0.05 >0.05 >0.05 >0.05 >0.05
TC, mmol/l 4.25+0.06 8.00+0.60 8.28+0.54 8.34+0.60 8.40+0.64 8.16+£0.58 8.26+0.60 8.30+0.58
P <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
pi >0.05 >0.05 >0.05 >0.05 >0.05 >0.05
ALT, units/Il 24.20+2.2 105.80+7.60 102.60+5.8 106.80+6.4 107.4+6.2 106.80+5.8 108.00+£6.50 | 107.60+6.68
p <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
pi >0.05 >0.05 >0.05 >0.05 >0.05 >0.05
AST, units/l 27.10£1.60 | 94.00+8.20 92.50+6.80 93.00+7.00 94.00+8.00 94.00+7.60 93.80+8.00 94.00+8.20
p <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
pi >0.05 >0.05 >0.05 >0.05 >0.05 >0.05
MDA, mmol/l 2.10+£1.04 8.04+1.10 7.98+£0.90 8.14+1.08 8.00+1.06 7.84+1.20 8.08+1.12 8.16+£0.98
P <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
pi >0.05 >0.05 >0.05 >0.05 >0.05 >0.05
SOD, units/l 26.60+3.80 12.08+4.20 11.98+3.60 12.20+4.00 10.84+2.80 12.24+3.60 11.46+2.80 10.96+2.40
P <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
pi >0.05 >0.05 >0.05 >0.05 >0.05 >0.05
GGTP units/l | 48.34+1.80 51.4+3.00 47.20+£2.8 46.80+3.00 48.40+4.20 48.60+3.80 48.00+4.20 52.60+4.80
P >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05
p1 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05
1L-6 1.18+0.20 5.00+0.18 4.86+0.22 4.92+0.23 4.954+0.22 4.95+0.22 4.98+0.23 5.00+£0.23
p <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
p1 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05
CK-18 40.60+6.80 365.80+£14.00 | 356.60+14.0 360.00£15.0 364.00£16.0 | 366.80+16.0 | 371.40+14.8 | 368.00+£16.0
p <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
p1 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05

Notes: 1. p — the difference reliability relative to the control group indices. 2. p1 — the difference reliability relative to indices of
the group with metabolic syndrome.

After 40 days of treatment, a tendency to decrease in the liver enzyme activity and lipidogram
indicators was determined in all the patients, but there was no statistical reliability between the groups.

After 90 days of the hypolipidemic therapy with rosuvastatin alone, the patients experienced a
decrease in complaints: 33 (73.3 %) patients felt heaviness and discomfort, 29 (64.4 %) patients had a
decrease in appetite, 15 (33.3 %) patients had flatulence. Physical examination revealed a swollen abdomen
in 8 (17.7 %) patients, and an enlarged liver in 32 (71.1 %). 23 (51.1 %) patients had 2"-degree hepatic
steatosis, and 32 (71.1 %) patients had U-sound attenuation.

On the 90th day, the patients of group 2 had a significant decrease in the LDL level — by 21.2 %
(p<0.001) compared to the beginning of treatment, but the LDL level did not reach the values of the control
group — it was higher by 47.4 %. The HDL level exceeded the values before treatment by 43.3 % (p<0.001).
TG decreased by 19.1 %. The activity of the liver enzymes, in particular ALT, decreased by an average 15 %,
AST — by 7.5 % compared to before treatment, while their values did not reach a statistically significant
difference. HGTP activity was noted at the level of the initial data. The IL-6 level on the 90th day was lower
by an average 10 % and the CK-18 level — by 8.2 % without statistical reliability of the indices.

During the rosuvastatin treatment, changes in lipid peroxidation (LPO) and the antioxidant system
condition were determined in the blood serum of MS patients with NAFLD. A decrease in the level of the
end product of free radical oxidation — MDA by 35 % (p<0.05) was revealed compared to before treatment.
The activity of the key antioxidant enzyme — SOD increased by an average of 27.3 % (p>0.05).
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A comparative analysis of the clinical data of the group 1 patients, who were administered quercetin
together with rosuvastatin, determined a more pronounced tendency to reduced complaints, in particular,
heaviness and discomfort in the right hypochondrium — 17 (41.4 %), decreased appetite — 12 (29.2 %),
flatulence — 10 (24.3 %) patients. Physical examination revealed abdominal distension in 3 (7.3 %) patients,
the liver enlargement in 21 (51.2 %). According to ultrasound, 18 (43.9 %) patients had the 2™ degree
steatosis, and U-sound attenuation — in 27 (65.8 %) patients.

The blood serum analysis of these patients on the 90th day of treatment revealed a significant
decrease in the LDL level — by 39.5 % (p<0.05) compared to before treatment, and was significantly lower
—by 22 % compared to the group 2 (p<0,01). The TG level was determined reliably (p<0.05) 2 times lower
compared to before treatment, being on average (1.06+0.08) mmol/l, also reliably 1.6 times lower than the
indicator in the group 2. The HDL level was significantly higher on average by 72 % (p<0.05) compared
to before treatment, by 12 % higher than on average at the group 2. AST activity was significantly lower —
by 27 % (p<0.001) compared to before treatment and by 16 % compared to the second group. The GGTP
activity ranged within the limits of the reference values. A significant decrease in IL-6 concentration on
average by 23 % (p<0.05) and CK-18 level by 22 % (p<0.001) compared to before treatment was noted.

In the patients of the group 1, the MDA dynamics was more pronounced: the decrease occurred on
average by 62 % compared to the indices before treatment (p<0.05), and it was almost twice as significant
as in the patients of the group 2. An increase in SOD activity was noted on average 2.25 times compared
to before treatment. Activation of the antioxidant enzyme was 66.4 % higher in patients of this group than
in patients of the basic therapy only.

So, the main complaints of MS patients with NAFLD were heaviness in the right hypochondrium.
When assessing the objective status, the liver enlargement by 2-3 cm below the level of the costal arch was
revealed. An increase in the echogenicity of the liver, mainly diffused, was found in all patients during
ultrasound. When evaluating the biochemical parameters of blood in patients with MS and NAFLD, an
increase in the transaminases activity was found in 42 % of cases and GGTP — in 32 % of the examined
with a probable difference from the control group, which indicates the presence of the cytolysis and
cholestasis laboratory syndromes in patients, which confirm the development of steatohepatitis and can be
compared with literature data.

Studies of the lipid metabolism indices showed an increase in the TC level in 80 % of patients
compared to the control group. An increase in the LDL level was noted in 68 % of patients and reliably
differed from the healthy group. However, the LDL level was reduced in 72 % of patients. The TG level
was determined to be 1.8 times higher in 76 % of patients compared to the control group. The TG/HDL
ratio can be used to indirectly assess the insulin resistance, which underlies the MS development. In our
studies, the TG/HDL ratio was on average 0.9240.14 in healthy people, while in the NAFLD patients with
MS it was 1.78+0.22, which indicated the presence of the insulin resistance (IR).

IR is considered to be the main connecting link of all components of MS and liver damage [10,
11]. The initial effect of IR is the accumulation of free fatty acids in hepatocytes, which lead to liver
steatosis. Against the background of steatosis and the formation of reactive oxygen species due to complex
interactions between cytokines, endotoxins, macrophages, hepatocytes, lipolysis in adipose tissue
increases, fatty dystrophy of hepatocytes occurs [12, 15]. At the same time, the oxidative stress develops
with the formation of the inflammatory reaction and its transformation into steatohepatitis and further into
nonalcoholic cirrhosis of the liver. Free fatty acids released into the portal circulation, enter the liver,
become a source of LDL formation, which serve as transport forms of cholesterol [1,9]. NAFLD often
leads to the development of highly atherogenic dyslipidemia with high titers of triglycerides, LDL, low
HDL, maintaining the subclinical inflammation condition due to an increase in the concentration of pro-
inflammatory cytokines, leukocytes, C-reactive protein (CRP), LPO processes enhancement [6, 11].

In our research, in patients with MS and NAFLD, LPO activation was determined, which
manifested itself by a reliable 3.8 times increase in MDA level compared to the control group. During the
antioxidant protection study according to the SOD activity in the blood serum, a reliable 2.2 times decrease
was found compared to healthy people. The obtained results indicate a decrease in the functional capacity
of the antioxidant system in NAFLD against the MS background. Suppression of the antioxidant system
activity is one of the reasons for the oxidative stress development in MS patients, because in this case SOD
is responsible for the removal of the primary active forms of oxygen — the superoxide anion radical. Our
results are confirmed by the data of researchers [1, 8], who found the direct and reliable relationships
between MDA and ALT, LDL, indicating the parallelism of LPO activation and the severity of cytolysis
syndrome, dyslipidemia, and an increase in adipose tissue in the liver during MS. The SOD activity
demonstrates reliable inverse relationships with transaminases [1].
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Table 2
Changes in blood serum indicators in patients with nonalcoholic fatty liver disease
on the background metabolic syndrome after treatment
Groups
Group 1 Group 2
Indices Control | NAFLD Steatosis NASH NAFLD | Steatosis NASH
s n=11 n=22 n=8 n=12 n=23 n=10
TG, mmol/l, 1.15+0.07 1.00£0.06 1.08+0.08 1.12+0.10 1.584+0.08 1.64+0.10 1.80+0.08
P >0.05 >0.05 >0.05 <0.05 <0.05 <0.05
p1 <0.05 <0.05 <0.05
VLDL, mmol/l, 0.38+0.12 0.60+0.11 0.68+0.10 0.70+0.11 0.72+0.12 0.78+0.10 0.80+0.08
P <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
p1 >0.05 >0.05 >0.05
LDL, mmol/l 2.78+0.11 3.10+£0.13 3.19+0.15 3.24+0.14 4.10+0.12 4.10£0.13 4.28+0.15
P >0.05 <0.05 <0.05 <0.05 <0.05 <0.05
p1 <0.05 <0.05 <0.05
HDL, mmol/l 1.254+0.08 1.96+0.15 1.92+0.12 1.94+0.20 1.68+0.12 1.72+0.13 1.76+0.15
P <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
p1 >0.05 >0.05 >0.05
TC, mmol/l 4.254+0.06 6.46+£0.56 6.50+0.62 6.55+0.58 7.48+0.48 7.64+0.54 7.86+0.50
P <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
p1 <0.05 >0.05 >0.05
ALT, units/l 24.20+2.2 76.10+£6.70 79.00+7.20 78.00+6.40 92.50+7.10 90.40+6.70 | 92.30+5.80
P <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
p1 >0.05 >0.05 >0.05
AST, units/l 27.10£1.60 66.40+4.20 69.80+4.00 70.80+3.60 78.40+3.80 82.60+£5.00 | 85.90+3.60
P <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
p1 >0.05 >0.05 <0.05
MDA, mmol/l 2.10£1.04 2.80+0.80 3.20+0.52 3.00+0.60 5.80+0.65 4.80+0.80 5.20+0.75
P >0.05 >0.05 >0.05 <0.05 <0.05 <0.05
p1 <0.05 >0.05 <0.05
SOD, units/l 26.60+6.75 | 24.80+4.60 25.60+3.60 28.40+5.20 16.20£3.60 15.90+4.40 12.20+4.00
P >0.05 >0.05 >0.05 >0.05 >0.05 >0.05
p1 >0.05 >0.05 >0.05
GGTP, units/l 48.34+1.80 41.40+3.80 42.40+4.20 41.80+4.30 58.00+5.20 56.40+£5.00 | 55.60+5.12
P >0.05 >0.05 >0.05 >0.05 >0.05 >0.05
p1 >0.05 >0.05 >0.05 >0.05
IL-6 1.18+0.20 3.75+0.22 3.80+0.20 3.85+0.28 4.54+0.30 4.42+0.36 4.38+0.80
P <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
p1 >0.05 >0.05 >0.05
CK-18 40.60+6.80 | 280.00+20.00 | 286.00+22.00 | 288.00+22.00 | 340.00+20.00 | 339.00+21.00 | 335.00+22.00
P <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
p1 <0.05 >0.05 >0.05

Notes: 1. p — the difference reliability relative to the indicators of the control group. 2. p1 — the difference reliability in indicators
between the group 1 and group 2.

The analysis of the effect of treatment on lipid peroxidation and the state of antioxidant status
showed that the group of patients with NAFLD and MS who received quercetin in addition to the basic
therapy, had a significant decrease in the level of the secondary product of free radical oxidation — MDA
in the blood plasma compared to the group receiving the basic therapy only. At the same time, an increase
in the SOD activity was noted, which indicates the activation of the organism antioxidant protection. This
can be connected with the fact that quercetin is one of the most common flavonoids with a multimodal
effect due to antioxidant activity, anti-inflammatory, anti-hypoxic, membrane-stabilizing,
immunomodulating properties, the adding of which to the hypolipidemic therapy has a positive effect on
both the oxidant and the antioxidant system, manifested in the LPO inhibition and the compensatory
processes activation, which provides the maintenance of free radicals at the level necessary for the normal
course of metabolic processes in the cell [13, 14].

The research data indicate that the development of chronic subclinical inflammation in MS patients
with NAFLD is characterized by an increase in the concentration of markers of systemic inflammation —
proinflammatory cytokines IL-6, which were determined to be four times higher than the indicators of the
control group, which is probably caused by the metabolic disorders severity and was compared with
changes in liver ultrasound and elastography data. The patients with rosuvastatin monotherapy had
decreased concentration of IL-6 and CK-18, however, patients who were prescribed quercetin in addition
to rosuvastatin had more pronounced anti-inflammatory and hypolipidemic effects and significantly lower
levels of IL-6 and CK-18 [2, 12].
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Therefore, the combined hypolipidemic therapy with quercetin, corrects metabolic processes in the
liver tissues cells, the organism, reduces chronic systemic inflammation realizing an additional
pathogenetically necessary effect on lipid metabolism (decrease of LDL, TG, TC, increase of HDL), on
structural and functional state of the liver (ALT, AST, CK-18).

The results obtained in the course of the study open up new perspectives for the correction of
metabolic shifts, elimination of the oxidative stress in patients with NAFLD with MS by administration of
the complex hypolipidemic therapy with quercetin, which significantly reduces the risk of the metabolic
syndrome complications and improves their treatment.

1. MS patients have a high risk of developing NAFLD (72.8 % according to ultrasound data) with
corresponding shifts of clinical and laboratory parameters compared to healthy patients. The relationship
between laboratory indicators (hypercholesterolemia, hypertriglyceridemia, cytolysis of hepatocytes,
systemic inflammation) and clinical characteristics, results of instrumental research methods, which
indicate the liver damage severity in MS, was revealed.

2. Hypolipidemic therapy with rosuvastatin in patients with NAFLD for 3 months led to a decrease
in the TG level by 21.1 % (p<0.05), LDL — by 21.2 % (p<0.05), CK — by 9 % (p>0.05). A decrease in IL-
6 by 10.0 % and CK-18 — by 8.2 % was found, but these data did not have a statistic significance. The liver
enzymes activity and the liver ultrasound results did not change significantly after treatment.

3. Against the background of the combined therapy with rosuvastatin and quercetin, a clear
regression of clinical manifestations of the disease was observed in patients with NAFLD and MS than in
patients with rosuvastatin only: there were almost 2 times less complaints, namely, periodic pain in the
right subcostal region, symptoms of asthenovegetative and dyspeptic syndromes. The positive dynamics of
clinical symptoms was accompanied by a decrease in the activity of the inflammatory process in the liver
tissue: the level of serum transaminases, markers of POL and lipid metabolism, concentration of IL-6 and
CK-18. The obtained biochemical and immunological indicators corresponded to the changes according to
the elastography data: a decrease in the degree of liver steatosis (n=9; 23.8 %), a decrease in the size of the
liver (n=8; 18.6 %), the U-sound attenuation to the diaphragmatic margin (n= 6; 15.6 %).

4. A comparative analysis of the comprehensive examination of patients with NAFLD with MS
determined quercetin effectiveness during a long-term combined hypolipidemic therapy and a necessity of
preventing the development and progression of metabolic disorders associated with the disease.

The further studies will be aimed at studying indicators of the systemic inflammation, metabolic
shifts of lipid and carbohydrate metabolis in patients with comorbid conditions of MS in order to assess
the applied therapy and the duration of its effects, with the determination of the remote treatment results.
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OXIDATIVE STATUS AND STATE OF ERYTHROCYTE MEMBRANES IN PATIENTS WITH
CONTROLLED AND TRUE RESISTANT ARTERIAL HYPERTENSION

e-mail: kuchmeb@yahoo.com

e

Today, arterial hypertension is a global health problem in the whole world. The purpose of the study is to assess the
oxidative status and the structural condition of erythrocyte membranes in patients with controlled and true resistant arterial
hypertension. In patients, a deterioration in the oxidative status in the development of oxidative stress is observed as evidenced by
a significant (p<0.05) increase in myeloperoxidase activity, accumulation of lipid and protein oxidation products, decreased
antioxidant enzyme activity and reduced glutathione content. Structural and dynamic changes in the membranes of erythrocytes in
these patients by the method of spin probes using the nitroxyl radical ATEMPO and the damage to the structural organization of
the lipid layer and proteins integrated in it as well as antioxidant system of erythrocytes were demonstrated. The obtained results
may indicate an impairment of the structural organization of the lipid layer and its integrated proteins.

Key words: controlled and true resistant arterial hypertension, oxidative status, erythrocyte membranes, electron
paramagnetic resonance.

0.B. Kyumenko, O.B. CyxoBeeB, O.0. MaroBa, B.1. llleiiko, O.B. OMenbuyk,
H.B. Jlebequnens, O.B. IlapxomeHko

OKCHUIATUBHUI CTATYC I CTAH MEMBPAH EPUTPOILIMTIB Y ITAIIIEHTIB
I3 KOHTPOJIBOBAHOIO TA PESUCTEHTHOIO APTEPIAJIBHOIO I'MIEPTEH3IE€IO

Ha crorozni aprepianbHa rinepreH3ist € r100aipHOI0 MPOOIEMOI0 OXOPOHH 3/10POB’S Y BChOMY CBITi. MeToto poboTu €
JOCTI/KEHHSI OKCHIATHBHOIO CTAaTyCy Ta CTPYKTYpHOTO CTaHy MeMOpaH EepHTPOLUTIB y MAIli€HTIB i3 KOHTPOJILOBAHOIO 1
PE3UCTEHTHOIO apTepiajibHOIO TilepTeH3i€l0. Y MAIli€HTIB CIOCTEPIraeThesl MOPYIICHHST OKCHAATUBHOIO CTaTyCy B OiK PO3BHTKY
OKCHIATHBHOTO CTpecy, II0 MiATBEPIKY€eThCS T0CTOBipHUM (p<0,05) 3pOCTaHHAM aKTUBHOCTI Mi€JIONEPOKCHIA3H, HAKOIHMIEHHIM
MIPOIYKTIB OKHMCJICHHS JIIT/IIB Ta OLIKIB, 3HIDKEHHSAM aKTHBHOCTI aHTHOKCU/IAaHTHHUX (DEPMEHTIB Ta BMICTY BiTHOBJICHOTO TJTyTaTiOHy.
Brepiie [0CHIDKEHO CTPYKTYPHO-AMHAMIYHI 3MiHM MEMOpaH EpUTPOLMTIB y LHMX IAI[€HTIB METOJOM CIIHOBHUX 30HIIB i3
3aCTOCYBaHHSIM HiTpokcuibHOT0 pagukary AdTEMPO ta npogeMoHCTpoBaHO NOPYIICHHS CTPYKTYPHOI OpraHizamii JiIiIHOro mapy
Ta IHTErpoOBaHMX B HHOMY OUIKIB, 8 TAKOXK aHTUOKCUIAHTHOI CHCTEMH KIIITHH epuTponuTiB. OTpUMaHi pe3yIbTaTH MOXKYTh CBITINTH
PO MOPYLICHHSI CTPYKTYPHOI OpraHi3arii JiinigHOro Giliapy Ta iHTerpoBaHUX B HbOMY OLTKOBHX CTPYKTYp MEMOpaH €pUTPOLIHTIB.

KnrodoBi cioBa: KOHTpoJIbOBaHA 1 pE3WCTEHTHA apTepiaybHa TiMepTeH3is, OKCHUIATUBHUHA cTaTyc, MeMOpaHi
€pUTPOLHUTIB, €JIEKTPOHHMI TapaMarHiTHUH pe30HaHC.

The work is a fragment of the research project “Study of biochemical mechanisms in biological activity of physiologically
active substances. Biochemical mechanisms for the development of pathological states and biologically active substances in these
conditions”, state registration No. 0119U100157.

Today, arterial hypertension (AH) is a global health problem in the whole world. In Ukraine, more
than 40 % of the adult population has elevated arterial pressure [1]. AH is an important risk factor for the
development of cardiovascular diseases first of all atherosclerosis, which leads to the dysfunction of many
organs, including the heart, blood vessels, and kidneys [1]. The etiology of AH includes the interaction of
genetic, environmental and pathophysiological factors that affect the regulatory systems of the body.

With this, the effect of many factors leads to the development of oxidative stress, which is
characterized by a disrupted balance between the functioning of prooxidant and antioxidant systems.
Excessive production of reactive oxygen species (ROS) against the background of reduced functional
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