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Abstract
Among the population of the world the number of patients with non-alcoholic fatty liver disease
(NAFLD) is growing along with the epidemic of obesity and metabolic syndrome. Hepatic steatosis is a
consequence of the accumulation of lipids in the liver tissue.
The experimental model of metabolic syndrome in rats was caused by a high content of
carbohydrates and fats in the diet by enriching the diet with fructose (adding fructose to feed and
replacing drink with 10.0% fructose solution - a total of up to 20.0% of daily calories) and animal fats
(lard and fat in total in the diet up to 20.0% of daily calories) for 18 weeks.
Thus, it was found that CPC has a positive effect on lipid profile (decrease in TG, VLDL cholesterol,
LDL cholesterol and increase in HDL cholesterol) and in terms of its effect on TG and HDL cholesterol, it
is superior to vitamin E and metformin. CPC also has some protective effect on the manifestations of
hepatic steatosis: there was a decrease in the prevalence and severity of fatty degeneration of
hepatocytes. It was found that CPC in terms of the severity of "antisteatotic" activity is superior to the
comparison drug vitamin E and inferior to the comparison drug metformin.
Keywords: complex pharmaceutical composition, lipid metabolism, liver status, experimental
metabolic syndrome
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Introduction
Among the population of the world the number
of patients with non-alcoholic fatty liver disease
(NAFLD) is growing along with the epidemic of
obesity and metabolic syndrome [1, 33, 16, 2, 14].
Hepatic steatosis is a consequence of the
accumulation of lipids in the liver tissue.
Pathological progression of NAFLD is a consequence
of «three strokes», namely steatosis, lipotoxicity and
inflammation [36, 30, 32]. NAFLD is diagnosed in the
presence of steatosis in more than 5% of
hepatocytes [19, 40]. NAFLD is considered as a
manifestation of metabolic syndrome in the liver,
and its development and progression is influenced
by the complex interaction of environmental and
genetic factors [8, 28, 31, 29].
At the same time, the question of the use of
vitamins, vitamin-like substances and microelements
by patients with NAFLD and other non-infectious
liver diseases is debatable today [27, 21, 6]. Given
that previous studies have already established a
positive effect of a complex pharmaceutical
composition (CPC) (Aevit Premium production JointStock Company «Kyiv Vitamin Factory») of next
composition: ethyl esters of Omega-3 acids ˗ 280
mg; vitamin E ˗ 65 mg; coenzyme Q10 ˗ 30 mg; zinc
(as a part of zinc oxide) (15 mg; vitamin A ˗ 1765
mcg; biotin ˗ 150 mcg; selenium (as part of sodium
selenite) ˗ 100 mg and excipients) [3] at the
histological structure of pancreatic tissue [9].
The aim of this work was to study the effect of
CPC at lipid metabolism and liver status in
experimental metabolic syndrome in rats induced by
a diet high in carbohydrates and fats in the diet.

Materials and Methods
The experimental model of metabolic syndrome in
rats was caused by a high content of carbohydrates
and fats in the diet by enriching the diet with fructose
(adding fructose to feed and replacing drink with
10.0% fructose solution - a total of up to 20.0% of
daily calories) and animal fats (lard and fat in total in
the diet up to 20.0% of daily calories) for 18 weeks
[13].
Experimental rats were randomized to 5
experimental groups with 6 animals in each: I – intact
control (IC) rats, which received a standard balanced
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diet of proteins, fats, carbohydrates, vitamins, macroand micronutrients; II – control pathology (CP) rats,
which reproduced the experimental metabolic
syndrome (EMS) (described above); III – rats with
EMS, which received CPC at a dose of 25.8 mg/kg
intragastrically [26]; IV – animals with EMS, which
received vitamin E at a dose of 100 mg/kg [11]; V –
animals with EMS, which received metformin at a
dose of 60 mg/kg [34]. The studied CPC and
comparison drugs were used starting from 15 weeks
of EMS modeling for 4 weeks, ie in the treatment
regimen.
Euthanasia of female rats of all groups was
performed by decapitation under light chloroform
anesthesia. The indicators of lipid metabolism and the
structure of the liver of rats were studied.
The content of total cholesterol and high-density
lipoprotein (HDL) cholesterol was determined in two
stages: enzymatic hydrolysis followed by oxidation
according to Trinder [20]. The content of triglycerides
(TG), low-density lipoprotein cholesterol (LDL
cholesterol) and very low-density lipoprotein
cholesterol (VLDL cholesterol) was determined using a
set of reagents from Philisit-Diagnostics (Dnipro,
Ukraine) [17].
These samples of rat liver were fixed in 10%
formalin solution, dehydrated in alcohols of increasing
strength, poured into paraffin. Paraffin blocks with
liver samples were cut on a sled microtome MС-1, the
sections were placed on a glass slide, stained with
hematoxylin and eosin. To verify the neutral fats in
the liver, the samples, after fixation in formalin, were
cut on a freezing microtome and stained with Sudan
IV [23, 25]. Examination of micropreparations was
performed under a Granum light microscope,
photographing microscopic images was performed
with a digital video camera Granum DСМ 310.
Photographs were processed on a Pentium 2.4GHz
computer using a program Toup View.
All obtained data were processed by methods of
variation statistics [38].

Results and Discussion
Violation of the lipid profile: a decrease in HDL
cholesterol by 1.37 times (p <0.05) and an increase in
TG, VLDL cholesterol and LDL cholesterol by 2.0; 2.0
and 1.19 times (p <0.05) (Table 1) were found in rats
with
EMS.
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The use of CPC contributed to significant reduction
of TG content by 1.26 times (p <0.05); VLDL
cholesterol by 31% (p<0.05) and LDL cholesterol by
13% (p <0.05) relative to animals in control pathology
(р<0,05). Due to the activity of CPC there was an
increase in the content of antiatherogenic fraction of
lipids ˗ HDL cholesterol by 1.5 times (p<0,05) relative
to the same indicator in animals with EMS (table. 1).
In terms of the decrease in the content of TG in the
blood serum, CPC significantly outweighed the drugs
comparing metformin (1.21 vs 1.34 mm/l) and vitamin
E (1.21 vs 1.69 mm/l).). Similarly, the effect of CPC
was more significant at the increase of HDL content by
23 and 16% relative to this indicator in the group of
animals treated with vitamin E and metformin (Table
1).
Violation of the lipid profile on the background of
EMS was reflected at changes in liver tissue. The
histological structure of the liver was normal in
animals of the intact control group. The particle
pattern of the fabric is not expressive. Liver lobes
consisted of strands of hepatocytes, which had a fairly
clear radial orientation. The boundaries of the
particles were determined by triads. The triad zones
were narrow. The condition of the epithelium of
blood vessels in the triads and other vessels was
within normal limits. Intraparticle sinusoidal
hemocapillaries were moderately dilated, containing a
moderate number of lymphoid cells. Kupffer cells
(stellar reticuloendotheliocytes) were normal.
Between the parenchyma of the liver and the
connective tissue surrounding the branches of the
portal vein, small gaps were visible – space of Mall,
components of the lymphatic outflow system in the
liver [24], they contain a small number of lymphocytes
and macrophages. Hepatocytes in the beams had a
characteristic shape and size, the cytoplasm was
stained evenly, optically dense, did not contain
inclusions. The nuclei of hepatocytes were
normochromic, centrally located, contained 1,
sometimes 2 nucleoli. The pool of dinuclear cells was
sufficient. Sudan staining do not reveal the
accumulation of fat in the cells (Fig. 1).
Diffuse vacuolar hepatocyte dystrophy was
detected in the liver of EMS rats. The cell volume was
visually enlarged, the cells were swollen. The nuclei of
some cells are hypertrophied, others are pale, with
signs of karyolysis. Around the nuclei, along the cell
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membranes there are visible remnants of weakly
eosinophilic granular cytoplasm, cell boundaries are
quite clear. In most areas, hepatocytes are tightly
adjacent to each other, which leads to a pronounced
narrowing of the lumens of the sinusoidal blood
capillaries, which are visible due to Kupffer cells
(which are in the activated state). The beam pattern
of such areas is «smeared». In some areas (without
clear signs of vacuolar dystrophy) the lumen of
hemocapillaries was expanded, in some sinusoids
observed pictures of blood stasis, erythrocyte sludge
(microthrombosis). Manifestations of lymph flow
disorders were quite often observed - expansion of
Mall's lymphatic spaces, infiltration by lymphoid cells
and macrophages, migration of lymphocytes into the
parenchyma, formation of lymphoid nodules. Vacuol
cell dystrophy was combined with fat dystrophy
(Sudan staining), the symptoms of which varied in
severity at different rats. Fat inclusions were small
droplet or dusty in nature, evenly filling the entire
cytoplasm of cells, with little effect on the localization
of the nuclei (Fig. 2).
The use of CPC on the background of EMS had a
positive effect on the condition of the liver. In the vast
majority of animals receiving CPK, there was no
vacuolar and fatty degeneration of hepatocytes in this
organ, the beam pattern was preserved, binuclear
hepatocytes were present and not visually altered.
Only some rats in the areas adjacent to the triad area
of the lobes we observed less pronounced than in the
control pathology signs of vacuolar dystrophy (with
much less pronounced cell hypertrophy and,
accordingly,
narrowing
of the
lumen of
hemocapillaries). Mall's lymphatic spaces were
visually expanded, migration of lymphocytes and
macrophages, formation of temporary lymphoid
nodules was traced to a lesser extent and not in all
triads. The was an accumulation of small drops of
lipids in the cytoplasm of certain groups of
hepatocytes in some animals (Fig. 3).
In the liver of rats treated with vitamin E, was
found varying in severity vacuolar dystrophy of
hepatocytes. Such cells (depending on their size) to
some extent preserved beam pattern, hepatocytes
often had hypertrophied nuclei. Mall spaces were
often enlarged, filled with lymphocytes and
macrophages, and temporary formed lymph nodes .
Fat accumulated in the cytoplasm of hepatocytes, the
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severity of which correlated with the severity of
vacuolar dystrophy (Fig. 5).
The introduction of the comparison drug
"Metformin" at the background of EMS contributed to
the fact that in the liver of these animals there was
almost no violation of the pattern of liver beams,
vacuolar cell dystrophy was observed in isolated cases
and had a small focus. At the same time, there was
still an expansion of part of the lymphatic spaces of
Mall, with the migration of lymphocytes and
macrophages, the formation of temporary lymph
nodes. Sudan staining did not show signs of fatty
degeneration of hepatocytes in most of the studied
animals (Fig. 4). Impaired lipid metabolism was found
at rats with EMS induced by a diet high in
carbohydrates and fats. The microscopic picture of
the hepatic parenchyma of animals with EMS can be
identified as steatosis (diffuse), which occurs at the
background of local hypoxia and lymphatic flow [22,
15]. Circulatory disorders were expressed in uneven
narrowing of the lumen of sinusoidal blood capillaries,
erythrocyte stasis. Disorders of lymph flow were in
the form of dilatation of the lymphatic spaces of Mall,
their infiltration by cells of the lymphoid series, the
migration of lymphocytes into the parenchyma, the
formation of lymphoid nodules. According to the
literature, the expansion of the lymphatic spaces of
Mall is evidence of a tense state of the tissues of
nonvascular vascular microcirculation, difficulty in
advancing the fluid components discharged from the
hepatic lobe. The formation of lymphoid nodules is a
temporary accumulation of lymphoid tissue, which is
created in response to damage - excessive intake of
animal fats [35].
Thus, it was found that CPC has a positive effect on
lipid profile (decrease in TG, VLDL cholesterol, LDL
cholesterol and increase in HDL cholesterol) and in
terms of its effect on TG and HDL cholesterol, it is
superior to vitamin E and metformin. CPC also has
some protective effect on the manifestations of
hepatic steatosis: there was a decrease in the
prevalence and severity of fatty degeneration of
hepatocytes. It was found that CPC in terms of the
severity of "antisteatotic" activity is superior to the
comparison drug vitamin E and inferior to the
comparison drug metformin.
The positive effect of CPC on the regulation of lipid
profile is probably due to the composition of CPC:
ethyl esters of Omega-3 acids, vitamin E, coenzyme
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Q10, zinc, vitamin A, biotin, selenium. In particular,
the ability of omega 3 acid ethyl esters to be included
in the modulation of lipid metabolism, regulation of
adipokines (adiponectin and leptin), to facilitate
inflammation of adipose tissue and to promote
adipogenesis with changes in epigenetic mechanisms
[5, 37, 18]. Vitamin E inhibits the activity of an enzyme
involved in the synthesis of cholesterol [12].
Coenzyme Q10, zinc, vitamin A, biotin and selenium
can indirectly affect the regulation of lipid metabolism
through the implementation of direct and indirect
antioxidant action, the ability to inhibit subchronic
inflammation in the body [10, 39, 41, 4].
Obtained results substantiate the feasibility of
using CPC to correct lipid metabolism in metabolic
syndrome.
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Table 1. Influence of CPC and comparison drugs at blood lipid profile of rats with experimental

metabolic syndrome
Cholester

TG,

Cholesterol

Cholesterol

Cholesterol

ol, mm/l

mm/l

VLDL, mm/l

LDL, mm/l

HDL, mmol/l

IC

3,96

0,765

0,355

1,56

2,05

EMS (CP)

3,78

1,53*

0,68*

1,86*

1,5*

EMS + CPC, 25,8 mg/kg

4

1,21*/**

0,47*/**

1,62*/**

2,3*/**/@

EMS + Vit Е, 100 mg/kg

3,93

1,69*/**

0,46*/**

1,3*/**

1,86*/**

EMS + Metformin, 60 mg/kg

3,64

1,34*/**

0,4*/**

1,51*/**

1,98*/**

Notes:
* ˗ reliable relative to intact control, р<0,05;
** ˗ reliable for animals of control pathology, р<0,05;
@ ˗ reliable for animals treated with metformin, р<0,05;
n ˗ umber of animals in the group.

Figure 1. Rat liver: normal state of hepatocytes, sinusoidal capillaries and Kupffer cells (a), Mall space (arrows)
with a small number of lymphocytes and macrophages (b) – hematoxylin-eosin; lack of lipids in the cytoplasm of
hepatocytes (c) – Sudan IV-hematoxylin. х250.
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Figure 2. Rat liver at the background of EMS: large focal vacuolar dystrophy of hepatocytes, narrowing of
sinusoidal hemocapillaries, beam pattern smeared (a); hemocapillary lumen dilated, stasis, erythrocyte sludge (b);
accumulation of lymphocytes and macrophages in the expanded Malla space (arrows), migration of lymphocytes
into the liver parenchyma with the formation of a lymphoid nodule (c); fine-grained fatty degeneration of
hepatocytes (d). a, b, c - hematoxylin-eosin, d - Sudan IV-hematoxylin. х250.
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Figure 3. Rat liver at the background of EMS, which was injected with CPC: fluctuations in the severity of
vacuolar (a-b) and fatty (c-d) hepatocyte dystrophy; migration of lymphocytes into the expanded Malla space (e).
a, b, e – hematoxylin-eosin, c-d – Sudan IV-hematoxylin. a - х250; b, e – х400, c-d – х200.
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Figure 4. Liver of a rat at the background of EMS, which was injected with metformin: complete recovery of the
liver parenchyma (a); small focal vacuolar dystrophy of hepatocytes (b); expansion of the Mall space, lymphocyte
migration, formation of a temporary lymph node (c); no signs of fatty degeneration (d), a small cell of
hepatocytes with accumulation of fat in the cytoplasm (e). a-b – hematoxylin-eosin, x250. c-d – Sudan IVhematoxylin, х200.
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Figure 5. Liver of a rat at the background of EMS, which was injected with vitamin E: complete restoration of
the normal state of the liver parenchyma (a); focal vacuolar dystrophy of hepatocytes (b); reduction of expansion
of Mall's lymphatic space, migration of lymphocytes and macrophages in it (c); no signs of fatty degeneration (d),
a small cell of hepatocytes with accumulation of fat in the cytoplasm (e). a-c –hematoxylin-eosin. d-e – Sudan IVhematoxylin. a-b – х250, c – х400, d-e – х200.
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