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The levels of E-, P- and L-selectins in blood were studied during therapy in 42 patients with non-alcoholic fatty liver
disease (NAFLD). Patients were divided into three groups. In the first group (17 patients), the hepatoprotective agent was
combined with pentoxifylline. In the second group (10 patients) combination of hepatoprotective agent and metformin was
applied. In the third group (15 patients), only a hepatoprotective agent (Phosphogliv forte) was prescribed. When using both
combined therapy regimens, there could be a decrease in the concentration of E- and P-selectins in blood with normalization
of P-selectin levels. Monotherapy with Phosphogliv forte reduced plasma levels of E- and P-selectins, which did not reach
control values. In cases of biochemical remission of NAFLD (normalization of aspartic and alanine aminotransferases), a de-
crease in the concentration of E- and P-selectins in blood was noted. At the same time, levels of P-selectin reached normal
values. In patients with preservation of increased activity of aspartic or alanine aminotransferases in dynamics of treatment,
only parameters of P-selectin decreased. Thus, against the background of NAFLD therapy, there is a positive dynamics of
soluble selectins, which is more pronounced in cases of combined treatment regimens.
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MccnepoaHne guHamukm E-, P- n L-cenekTnHOB B KpOBU y 42 NaLMEHTOB C HEaslkoroJlbHOM XMPOBOW 60/1e3HbI0 NevYeHn
(HAXBI) Ha npoTsxeHnn 12 Hegenb Tepanum NPoBOAMAOCE B Tpex rpynnax. B 1-i rpynne (17 naunmeHToB) NpUMeHsncs
renaTtonpoTekTop B COYETaHUM C NEeHTOKCUPUNINHOM, BO 2-i rpynne (10 naumeHToB) ncnosib3oBanacb KOMOMHaLUS re-
natonpoTekTopa n MetdopMnHa, 60NbHBIM TpeTbel rpynnbl (15 06cnefoBaHHbIX) Ha3HaYaNCs TONbKO renaTtonpoTeKToP
(Pochornme dpopTte). Mpu npuMeHeHNn 06enx KOMOUHNPOBAHHbLIX CXEM Tepanuu NPONCXOANII0 CHUXEHME KOHLLEHTPaLUn
E- v P-cenekTnHOB B KpOBWU C HOpManusaumuen aHadyeHuii P-cenektnHa. MoHoTepanus Pocdornneom popTte npmBoamna kK
YMeHbLUEHMIO Na3MeHHOoro cogepxaHus E- n P-cenektnHoB. B cnyyasax 6uoxmmmyeckoinn pemuccum HAXBI (Hopmannaa-
MM acnaparmHOBOM 1 anaHMHOBOW aMUHOTPaHC@EpPas) OTMEYEHO CHUXEHME KOHLUEHTpaLmn E- n P-cenekTnHoB B KPOBU, Npu
3TOM YPOBHU P-cenekTtuHa CTaHOBUIMCb HOPMasibHbIMKU. Y NaUWMEHTOB C COXPAHEHMEM B OMHAMMUKE NIEHYEHUS MOBbILLEHHOMN
aKTUMBHOCTM acrnaparmHoBON U anaHMHOBOW aMUHOTPaHcdepas yMeHbLLIANNCh TONbKO nokasaTtenu P-cenektnHa. Takum 06-
pa3om, Ha doHe Tepanun HAXKBI oTMeyaeTcst NO3UTMBHANA AMHAMMKA PACTBOPUMbIX CENIEKTUHOB, 60N1ee BblpaXkeHHas B Ciy-
4yasx NCrosib30BaHMS KOMOMHUPOBAHHbBIX CXEM JIEYEHUS.

KntoyeBble cnoBa: HeaskorosibHas XupoBas 60/1e3Hb ne4dyeHu, gie4deHve, ceJieKThHsbl, I'IeHTOKCI/I(bI/Iﬂ}'Il/IH, MeT(bOpMI/IH,
docpornms popre
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ALT - alanine aminotransferase HOMA-IR - homeostasis model assessment — insulin resistance
AST - aspartic aminotransferase ICAM-1 - intercellular adhesion molecule-1

BMI - body mass index NAFLD - non-alcoholic fatty liver disease

ESR - erythrocyte sedimentation rate PECAM-1 - platelet/endotelial cell adhesion molecule-1

GGT - gamma glutamyltranspeptidase VCAM-1 - vascular cell adhesion molecule-1
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rection of non-alcoholic fatty liver disease has

not been developed, which is associated with
the lack of evidence for the ability of drugs to reduce
inflammation, cause a reversal of liver fibrosis, and
improve prognosis. The main treatment recommen-
dations for NAFLD include lifestyle and nutritional
modifications aimed at increasing physical activity,
reducing body weight and providing a reduction in liv-
er steatosis and fibrosis, the severity of non-alcohol-
ic steatohepatitis. In this regard, drug interventions
in NAFLD are mainly aimed at correcting metabolic
disorders (obesity, deviations in carbohydrate and li-
pid metabolism) and reducing oxidative stress [1, 2].

The pathogenesis of NAFLD involves complex inter-
actions of genetic, demographic, metabolic, clinical, hor-
monal, and environmental factors. The main links in the
pathogenesis of NAFLD include insulin resistance, oxi-
dative stress, disorders in the production of adipokines,
chemokines and cytokines, endothelial dysfunction, and
imbalance of the intestinal microflora, accompanied by
endotoxemia and an increase in the content of lipopoly-
saccharide in the blood [3]. Endothelial dysfunction initi-
ates the development and promotes the progression of
NAFLD, which is associated with the ability of sinusoidal
liver endothelial cells to negatively affect the outcome of
steatosis, inflammation, and fibrosis [4]. The increased
expression of selectins on endotheliocytes and leuko-
cytes, which occurs against the background of endothe-
lial dysfunction, provides transendothelial migration of
immune cells to loci inflammation. The relationship be-
tween increased plasma levels of adhesion molecules,
including selectins, and the course of NAFLD and its his-
tological picture was previously revealed [5-8].

The dynamics of selectins in treating NAFLD and as-
sociated metabolic disorders are not well understood,
and the results of studies are often controversial. Thus,
it was noted that NAFLD therapy with various drugs led to
a decrease in the blood concentration of E-selectin, mo-
lecules of the superfamily of immunoglobulins, and nor-
malization of the content of endotheliocytes circulating in
the blood [5, 9, 10]. In obese women, on the background
of two-month physical activity, there was a tendency to a
decrease in plasma values of E- and P-selectins [11], and
in cases of curcumin use, the content of VCAM-1 in the
blood (but not ICAM-1, P- and L-selectins) decreased
[12]. A decrease in body weight against the background
of intensification of physical activity and diet in patients
with obesity was characterized by a drop in plasma levels
of E-selectin, ICAM-1, and VCAM-1, which was explained
by an improvement in the bioavailability of nitric oxide
[13]. However, the positive effects of physical activity
on endothelial dysfunction in obesity have not been con-
firmed in several studies [14]. In addition, the impact on
the profile of soluble selectins of drugs widely prescribed
for NAFLD - pentoxifylline, metformin, and phosphogliv
(glycyrrhizic acid), especially in the aspect of achieving
remission of the disease, has not been studied in detail.

The aim was to study the effect of therapy for non-al-
coholic fatty liver disease on the indicators of soluble se-
lectins.

Material and Methods. During treatment, 42 pa-
tients with NAFLD (21 women, 21 men) aged 19 to
65 years (mean age 44.48+1.93 years) were examined.
Inclusion criteria: NAFLD patients over 18 years of age;
consent to participate in the study. Exclusion criteria
included liver disease of other etiologies; alcohol con-
sumption in hepatotoxic doses; intake during the last
12 weeks of hepatoprotectors, drugs that correct dis-
orders of carbohydrate and/or lipid metabolism, gluco-

To date, a strategy for the pharmacological cor-
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corticosteroids, non-steroidal anti-inflammatory drugs,
antioxidants, immunosuppressive drugs, pentoxifylline;
acute and chronic clinically significant somatic diseas-
es in the period of exacerbation, malignant neoplasms;
mental illnesses; alcohol or drug addiction.

Elevated serum levels of AST (68.52+4.30 U/I), ALT
(83.81+5.09 U/1), GGT (99.24+13.44 U/I), increase in BMI
(34.09+0.79 kg/m2), HOMA-IR (4.92+0.33) were deter-
mined in patients with NAFLD. In 80.9 % of cases, hypertri-
glyceridemia, in 64.3 % — a reduced content of high-den-
sity lipoproteins was detected. Abdominal obesity, arterial
hypertension, and metabolic syndrome were observed in
90.5 %, 47.6 %, and 80.9 % of patients, respectively.

Non-drug therapy for NAFLD included a sensible
diet with a reduction in total calories, amount of animal
fats, easily digestible carbohydrates, and an increase in
physical activity, taking into account the condition of the
cardiovascular system (daily aerobic exercise lasting
at least 40-60 minutes), which provided weight loss
(no more than 0.5-1.0 kg per week) [1].

Depending on the drug therapy, patients were divid-
ed into three groups. In the first group (17 patients), a
hepatoprotector was used in combination with an en-
dothelial protector (pentoxifylline 400 mg 3 times a day).
In the second group (10 patients), a variety of a hepato-
protector and an insulin sensitizer (Metformin (Biosin-
tez, Russian Federation) with dose titration up to 1-2 g
per day) was used. In 15 cases (group lll), drug thera-
py included the prescription of only a hepatoprotector
(a combination of essential phospholipids and glycyrrhi-
zic acid — Phosphogliv forte (Pharmstandard, Russian
Federation), one capsule three times a day). The duration
of therapy was three months.

Purposely prescribing pentoxifylline is due to its posi-
tive effect on the manifestations of NAFLD in the form of a
decrease in the synthesis of pro-inflammatory cytokines
and reduction of oxidative stress [15]. Metformin has
been used to correct insulin resistance syndrome. In ad-
dition, it has a beneficial effect on the course of NAFLD
and can reduce sinusoidal endothelial dysfunction [5,
16]. The choice of phosphogliv as a hepatoprotector is
associated with the ability of phospholipids and glycyr-
rhizic acid to stabilize and increase the plasticity of cell
membranes, inhibit apoptosis and limit hepatocyte ne-
crosis, improve lipid metabolism, as well as with antiox-
idant and anti-inflammatory effects [1, 17].

A Control group comparable in age and sex was
formed by 60 practically healthy people (33 men, 27 wo-
men) aged 22 to 55 years (mean age 44.84+1.30 years).

The study of the plasma concentrations of E-, P-,
and L-selectins before and after 12 weeks of treatment
was carried out by enzyme immunoassay using kits from
Bender MedSystems GmbH (Austria). The patients gave
informed consent to the study. The ethics committee ap-
proved the study.

The results were statistically processed by SPSS Sta-
tistics 24 (IBM, USA). Quantitative values with a normal
distribution are presented as meanzstandard error of
the mean. Student’s t-test, Newman — Keuls test, paired
Student’s t-test, Pearson’s linear correlation coefficient
(r), and y? test with Yates’s correction for continuity were
used. Differences were considered statistically signifi-
cant at p<0.05.

Results and Discussion. In the dynamics of NAFLD
treatment, there were noticed the following states: a sta-
tistically significant improvement in anthropometric pa-
rameters (decrease in body weight and BMI), a reduc-
tion in biochemical markers of the inflammatory process
(AST, ALT, GGT, ESR, C-reactive protein), a decrease in
HOMA-IR values and serum levels of triglycerides.
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The concentration of E- and P-selectins in the blood
decreased, and the levels of L-selectin did not change af-
ter 12 weeks of NAFLD therapy (Table 1). The dynamics of
soluble selectins during treatment were associated with
an improvement in anthropometric parameters, markers
of inflammation and enzymes indicating liver damage:
AE-selectin and AALT (r=0.41; p=0.006); AE-selectin and
AGGT (r=0.44; p=0.003); AP-selectin and AALT (r=0.31;
p=0.04); AP-selectin and AC-reactive protein (r=0.32;
p=0.03); AL-selectin and AGGT (r=0.30; p=0.05); AL-se-
lectin and ABMI (r=0.36; p=0.01); AL-selectin and Abody
weight (r=0.31; p=0.04). This indicates the relationship
between the restoration of endothelial function with a de-
crease in the amount of adipose tissue, the intensity of
inflammation (including in the liver tissue).

Table 1
Effect of treatment of NAFLD on levels
of selectins in blood (M+SE)
Examined Molecules of selectin family (ng/ml)
groups E-selectin P-selectin L-selectin
Control 40.88+2.83 103.60£5.32 4591,00+231.48
Patients
with NAFLD:
In total 89.26+3.75 * 166.26+9.11 * | 5758.48+299.86 *
71.3144,16 *** | 128,314+7.75 *** | 5720,24+313.67 *
Group I 90.29+7.87 * 165.65+£11.71 * | 5868.24+398.21 *
P 65.53+8.47 *** | 119.00+11.20 ** | 5908.244556.52 *
Group II 89.60+6.40 * 162.30£17.84 * | 5689.80+651.47
P 65.3046.49 *** | 111,70+£11.50 ** | 5419.00+699.94
Group III 87.87+4.15 * 169.60+19.09 * | 5679.87+590.25 !
P 81.87+4.26 ***X/149,93£14,82 *** 5708.00+434.12 1

Note: in the numerator — parameters before treatment, in the
denominator — after treatment. ' — F=3.5, p=0.035; * - p<0.05
in comparison with the control; ** — p<0.05 during treatment;
* — p<0.05 in comparison with the values of patients of groups
| and Il after treatment (Student’s t-test, Newman — Keuls test,
paired Student’s t-test).

In patients treated with combined regimens (hepato-
protector in combination with an endothelioprotector or
insulin sensitizer), plasma values of E- and P-selectins
were decreased, and L-selectin levels were not changed.
In contrast, P-selectin values became normal by the end
of therapy. Monotherapy with hepatoprotectors led to
a decrease in the content of E- and P-selectins in the
blood; however, their levels were higher than in patients
of groups land Il (Table 1).

Biochemical remission of NAFLD was achieved in
52.4 % of patients during treatment: normalization of AST
(69.36+4.33 U/l and 28.27+1.38 U/I, p<0.05) and ALT
(78.36+£6.36 U/Land 35.14%£1.57 U/L, p<0.05). Despite a
statistically significant decrease in their values, in 47.6 %
of cases AST (67.60+7.81 U/l and 53.45+4.90 U/I,
p<0.05) or ALT (89.80+8.05 U/l and 68.55+5.12 U/L,
p<0.05) remained elevated. Cases of biochemical
remission were usually observed in patients of groups |
(45.4 %) and 1l (36.4 %), the absence of remission was
more common in patients of the third group who received
a hepatoprotector (55.0 %). The isolated use of the
hepatoprotector was associated with unsatisfactory
therapy results, while the effectiveness of combined
regimens was much higher (c2=4.7; p<0.05).

In patients with biochemical remission of NAFLD (nor-
malization of AST and ALT), the concentration of E- and
P-selectins in the blood was decreased with the norma-
lization of P-selectin values by the end of 3 months of
treatment. In patients with no remission in the dynamics
of therapy, the content of only P-selectin in the blood was
decreased. At the same time, the values of E- and P-se-

lectins became higher than in the group with positive re-
sults of treatment (Table 2).

Table 2
Interrelation of parameters of selectins in the blood
with the results of NAFLD therapy (M+SE)

Examined Molecules of selectin family (ng/ml)
groups E-selectin P-selectin L-selectin

Control 40.88+2.83 103.60+5.32 4591.00+£231.48
Patients
with NAFLD:

Group I 87.64+4.70 * | 163.64+10.40 * |5459.82+380.14 *
(remission [58.64+5.28 *** 109.14£7.22 ** |5563.184+517.85 *
«+»)

Group 1I 91.0546.05 * | 169.15+15.61 * |6087.00+£469.99 *
(remission |85.25+4,98 */*{149.40+12.81 *** X 5893.00+341.78 *
«=»)

Note: in the numerator — parameters before treatment, in the
denominator - after treatment. * — p<0.05 in comparison with
the control; ** — p<0.05 in the dynamics of therapy; * - p<0.05
compared with the parameters of group | patients at the end of
treatment (Newman — Keuls test, paired Student’s t-test).

Despite the enormous progress made in studying
the pathogenesis of NAFLD, no case management algo-
rithms have yet been developed. Lifestyle modification
remains the most commonly recommended way to im-
prove the flow of NAFLD [3]. The unproven effectiveness
of traditionally used drugs makes it necessary to clarify
new mechanisms of their action, which is interesting for
searching for new drug treatment schemes.

According to our data, during therapy, a decrease in
the plasma content of E- and P-selectins was observed,
especially in patients with biochemical remission of
NAFLD, in cases where P-selectin values were normalized.
In patients with persistent hyperenzymemia, only the con-
centration of P-selectin in the blood decreased by the end
of therapy. Combining therapy regimens (hepatoprotector
& endothelial protector, hepatoprotector & insulin sensi-
tizer) was accompanied by normalization of soluble P-se-
lectin levels and a decrease in E-selectin values. Against
the background of monotherapy with hepatoprotectors,
the content of E- and P-selectins in the blood decreased
but remained relatively higher than in groups | and Il.

The positive effect of the selected treatment regimens
is based on the inhibitory effect on the oxidative stress
and endothelial dysfunction accompanying NAFLD,
which is confirmed by a decrease in the expression of
selectins. The dynamics of soluble selectins were associ-
ated with an improvement in anthropometric parameters
(body weight, BMI), inflammation (ALT, GGT, and C-re-
active protein), which emphasizes the possibility of leve-
ling endothelial imbalance and reducing the severity of
inflammation in the liver in the background of a decrease
in the amount of adipose tissue.

NAFLD therapy has previously been shown to
reduce the production of plasma endothelial markers
(plasminogen activator inhibitor, endothelin-1,
E-selectin, ICAM-1, VCAM-1, and PECAM-1) [5, 10].
Prescribing antibodies to L-selectin improved hepatic
architectonic liver, reduced hepatocyte fat, decreased
expression of interleukin-6, tumor necrosis factor-a,
and fibrosis markers in the steatohepatitis model [18].
The beneficial effects of NAJBP therapy may be due
to the restoration of adiponectin synthesis, inhibiting
the endothelial expression of adhesion molecules. In
turn, the lack of selectins restricts the interaction of
immune cells with endothelium cells, thus reducing the
likelihood of initiation and progression of non-alcoholic
steatohepatitis.
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Anti-inflammatory potentials of pentoxifylline are as-
sociated with the inhibition of endothelial adhesive for-
mation [19]. Thus, in the case of ischemic heart disease,
pentoxyphyllin contributed to a decrease in ICAM-1
and VCAM-1 levels in the blood [20], and in the case of
NAFLD, it caused a reduction in VCAM-1, ICAM-1 levels
and normalization of RESAM-1 [10].

Metformin also has a beneficial effect on the expres-
sion of adhesive molecules in NAFLD. Its use in patients
of NAJBP led to a decrease in plasma values of E-se-
lectin, ICAM-1, VCAM-1, and RESAM-1 [5, 10], with the
achievement in some cases of normal values of ICAM-1
in the blood [10]. The drug’s ability to inhibit the expres-
sion of ICAM-1, VCAM-1 in type 2 diabetes mellitus [21],
E-selectin, and ICAM-1 in case of the polycystic ovarian
syndrome [22], has been noted.

The beneficial effect of metformin on selectins is as-
sociated with the correction of the level of glycemia and
the restoration of tissue sensitivity to insulin, which is
confirmed by the normalization of endothelial expression
of adhesion molecules, nuclear factor-«B, interleukin-8,
decrease in the production of reactive oxygen species,
and an increase in the release of nitric oxide [23]. The
disappearance of insulin resistance while intaking met-
formin improved insulin binding to platelet receptors and
reduced cell activity and platelet expression of P-selectin
[24]. In addition, metformin inhibits the expression of in-
ducible. It enhances the expression of endothelial nitric
oxide synthase, leveling endothelial dysfunction in the
liver and inhibitory effect on stellate cells [16], which ex-
plains its possible antifibrotic effect.

The ability of hepatoprotectors to correct endothe-
lial dysfunction in NAFLD is confirmed by the positive
dynamics of the content of circulating endotheliocytes

while taking a-lipoic acid [9], as well as the levels of
ICAM-1, VCAM-1, PECAM-1 in the blood in cases of us-
ing phosphogliv [10]. Glycyrrhizic acid has antioxidant,
anti-inflammatory, antiviral, antitumor, and immunoreg-
ulatory properties [25], which are based on inhibiting the
expression of pro-inflammatory cytokines, reactive oxy-
gen species, nuclear factor-kB, and adhesion molecules
[26]. In a model of alcoholic hepatitis, glycyrrhizic acid
reduced the secretion of vascular endothelial growth fac-
tor, ICAM-1, and P-selectin [27]. The anti-inflammatory
effects of glycyrrhizic acid had previously been demon-
strated in models of diabetes mellitus [28], psoriasis
[29], and enteritis [30].

This way, therapeutic measures at NAFLD improve
anthropometric status, lipid and carbohydrate metabolic
rate, inflammation (S-reactive protein, SRE, AsAT, AIAT,
GHT), and endothelial mediators. It can be assumed that
the positive dynamics of selectins against the treatment
background reflect the reversion of inflammatory pro-
cesses in the liver. Combined therapy regimens have a
more pronounced corrective effect for endothelial dys-
function, which is the reason for their inclusion in the
management algorithms of patients with NAFLD.

Conclusions

1. With the treatment for NAFLD, there is a positive
dynamic of soluble selectins, more pronounced in cases
of using combined treatment regimens (a combination of
a hepatoprotector with an endothelial protector or an in-
sulin sensitizer).

2. The achievement of biochemical remission of
NAFLD is characterized by the normalization of P-selectin
parameters and a decrease in the blood levels of E-se-
lectin. In the absence of remission, only a reduction in the
levels of P-selectin in the blood is observed.

Disclosures: The authors declare no conflict of interest.
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COBEPLWEHCTBOBAHUE METOAOB AEYEHUS METABOAUHECKOIO
CUHAPOMA HA POHE MOPBUAHOTIO OXXUPEHUA

O. B. TaAaumos, B. O. XaHos, T. P. U6parumos, K. B. Haceiposa, I'. U. Barusosa, A. O. laaumos

BALIKUPCKUIA rOCYAQPCTBEHHbIM MEAULLUHCKMA YHUBEPCUTET, Ydba,
Poccuickas Peapepaums

The prospective study of 35 patients aged 28 to 59 years with MO was performed. Patients underwent laparoscopic gas-
troplication according to the original method. The QOL of patients was studied by comparing the questionnaire results and
special research methods. The achieved decrease in body weight as a result of laparoscopic gastric plication, correction
of concomitant disorders in dependent organs and systems, and normalization of metabolic process indices allows us to
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