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Serum level of laminin in rats fed with a high-fat diet with sulodexide
administration
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ABSTRACT

Background. Increased consumption of animal fat with food contributes to the accumulation of lipids both in the
blood and in individual cell structures. Excess fat initiates oxidative stress reactions, which may result in a violation
of the structural and functional integrity of cells, in particular, hepatocytes and endotheliocytes. Cytolysis may
release specific liver enzymes and activate synthesis of extracellular matrix components, one of the markers of
which is a non-collagen glycoprotein laminin.

The drug sulodexide, having a pronounced angioprotective, hypolipidemic, and fibrinolytic effects, contributes to
restoration of a number of metabolic disorders.

Aim. To study the content of lipid metabolism parameters, major enzymes of hepatic cytolysis, and laminin in the
blood of rats fed with a high-fat diet against the background of sulodexide administration.

Materials and methods. For the study, outbred rats were selected, which were divided into three groups — two
experimental groups and one control group. The rats of the first and second experimental groups were fed with a
diet with a high content of animal fat (44% of the daily calorie content) for 35 days. In addition, the rats of the
second experimental group were daily subcutaneously injected with sulodexide at a dose of 8.5 LRU/kg in terms
of the animal’s body weight for 35 days. Starting from day 36 of the experiment, the rats of the control group, as
well as the rats of the two experimental groups were fed with a standard diet of the vivarium. The animals were
decapitated and blood was taken on day 21, 35, and 60 of the experiment. In the blood serum, the levels of the main
lipid metabolism parameters, specific liver enzymes, and laminin were determined.

Results. An increase in the body weight of animals and the level of the studied lipid metabolism parameters in
the blood serum was revealed. It is likely that the structural integrity of hepatocytes was affected with the release
of liver enzymes into the bloodstream and an increase in their content in the blood of rats. In addition, synthesis
of extracellular matrix components was activated with an increase in the serum level of laminin, which performs
important structural and regulatory functions.

Conclusion. The use of sulodexide had a favorable effect on the studied metabolic disorders caused by a high-fat
diet. It resulted in the normalization of the synthesis of laminin, one of the major non-collagen proteins of the
extracellular matrix.
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CopeprKaHune NnaMMHNHA B CbIBOPOTKE KPOBM KPbIC B YC10BUAX
BbICOKOXXMNPOBOI ANETbl NPU KOPPeKLn CyNoAeKCuAoM

Minesa O.l'., BytonuH E.l'., Tepewenko M.B.

Hbicesckan eocyoapcmeennasn meouyunckas akademus (MI'MA)
Poccus, 426034, 2. Hocesck, yn. Kommynapos, 281

PE3IOME

INoBbIIEHHOE MOCTYIUIEHHE AKHUBOTHOTO KUpa C MHIIEH CIOCOOCTBYET HAKOIUIEHUIO JIUMUIOB KaK B KPOBH, TaK U
B OTJENBHBIX KJIETOUHBIX CTPYKTypax. M3nuinek >KHpoB MHULUHUPYET PEAKLUHU OKUCIUTEIBHOTO CTpecca, Clel-
CTBHEM KOTOPBIX MOXKET SBUTHCSI HapyIIeHHE CTPYKTYpHOH M (PyHKIMOHANBHOM LENOCTHOCTH KJIETOK, B 4acT-
HOCTH TeMaTOLHUTOB U SHAOTEINOLUHUTOB. B pe3ynbraTe HIUTOIMTHYECKUX MPOLECCOB BO3MOXKHO BBICBOOOXKIECHHE
crienuduyueckux (HEepMEHTOB IEUCHH M aKTHBALUS CHHTE3a KOMIIOHCHTOB MEXKJICTOYHOTO MaTPUKCA, OJHUM M3
MapKepOB KOTOPOT'O SBJISETCS HEKONIAr€HOBBIH ITTMKONPOTEHH JJAMUHUH.

HpenapaT «Cynoz[ekcnz[», 06]'[3[[215{ BBIPAXKCHHBIM aHTUOIPOTEKTOPHBIM, 'MIIOJIUITUAEMHUYICCKUM, (bI/I6pI/IHOJ'II/ITI/I-
YECCKUM Z[ei/’ICTBHGM, Y4acTBYCT B BOCCTAHOBJICHUM psAa 0OMEHHBIX HapylHeHHfI.

He.l]b. I/I3y‘{eHI/I€ COACPpIKaHU IoKa3aTeeit JINMUIHOTO 06M€Ha, OCHOBHBIX (1)CpM€HTOB OUTOJIN3a renaToluToB 1
JJaMHMHHWHA B KPOBH KPBbIC IIpH BLICOKO)KPIpOBOﬁ JHUCTC Ha CbOHe KOPPEKIHHU CYJIOACKCUIOM.

MarepuaJjbl 1 MeToAbI. JIy1s1 Mcciie1oBaHMs ObIITM 0TOOPaHbI 6ECIIOPOIHBIE KPBICHI, KOTOPBIX Pa3JIeIIiin Ha TPH
TPYIIIBI — ABE ONBITHBIX M OAHY KOHTPOJIbHYI0. KpbicaM nepBoii 1 BTOPOil ONBITHBIX TPYIIN OblIa HA3HAUEHA JHETa
C TOBBIIEHHBIM COAEPKAaHUEM )KUBOTHOTO XKupa (44% OT cyTouHON KanopuitHocTH) B TeueHue 35 cyt. Kpeicam
BTOPO# OIBITHOM IPYIIIBI ©KSJHEBHO B TEUCHHE 35 CyT MOIKOXKHO BBOAMIICS CyJI0AeKCcHA B 1o3upoBke 8,5 JIE/kr
B TIepepacyeTe Ha Maccy Tela >KUBOTHOro. Kpsicel Becex rpynm ¢ 36-X CyT OmbITa HAXOAWINCH HA CTAHAAPTHOM
paurone BuBapus. JlekanurTaiuio ;KuBOTHBIX B 3200p KpoBU nmpoBoawin Ha 21, 35 u 60-e cyT onbiTa. B ceiBOpoTKE
KPOBU ONPEACIISII CO/IepIKaHHEe OCHOBHBIX ITOKa3aTeNeH IUINIHOro 00MeHa, crielnduyecKux GepMEHTOB EYCHH
U JJAMHUHUHA.

Pe3yasTaTel. Habmronascs pocT Macchl Tela )KUBOTHBIX, YBEIMYCHHE COJCPIKaHUs N3ydaeMbIX MOKa3aTeleH JIu-
MUJTHOTO 0OMEHa B CBIBOPOTKE KPOBH. BeposTHO, 3aTparuBaiach CTpyKTypHas LEJOCTHOCTh I'elaTOLUTOB C BbI-
MBIBaHHEM IEUSHBCIIEIM(PHIECKUX (PEPMEHTOB B KPOBSHOE PYCIIO ¥ MOBBIIICHUEM HX COJIEPIKaHUs B KPOBH KPBIC.
AKTHUBHPOBAJICA CHHTE3 KOMIOHEHTOB BHEKJIETOYHOTO MaTpUKCa C BO3PACTaHHEM COJEp)KaHHUsS B KPOBU HcCle-
JIyeMOr0 HEKOJIJIAT€HOBOTO 0elKa — JaMHHUHA, BBITOIHSIOIETO 3HAYUTEIBHYIO CTPYKTYPHYIO U PEryJISITOPHYIO
(YHKIIMIO B €r0 OpraHU3alHH.

3akioueHue. HpI/IMeHeHI/Ie CyJoaekcuaa 6JIaFOHpI/I$ITHO TIOBJIUAIO HAa UCCIIENYEMBIC MeTaboIMYeCKue Hapyuie-
HUS, BBI3BAHHBIC IPUEMOM NUIIMU C IMOBBIMICHHBIM COACPKAHUEM KHUpPaA, B TOM YHCJIC IPUBCIIO K HOPpMAJIU3alluu
CHUHTE3a OJJTHOI'O U3 OCHOBHBIX HCKOJIJIAr€HOBBIX 0CJIKOB MEKKIIETOYHOTO MaTpHUKCa — JJaMUHHHA.

KiroueBrble ciioBa: BBICOKOXXHpPOBas AUe€Ta, J'II/IHI/IZLHI)Iﬁ O6M€H, (bepMeHTLI NEYCHU, TaMUHUH

KoHduMKT HHTepecoB. ABTOpHI 3asdBJISAIOT 00 OTCYTCTBUH SBHBIX M MOTEHLHAIBHBIX KOH()JIUKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKanKeil HaCTOSIIEeH CTaThH.

HUcTounuk quchnp()BaHmI. ABTOpLI 3asIBJISIIOT 00 OTCYTCTBUU (bPIHaHCI/IpOBaHI/ISI Ipyu OPOBEACHUU HUCCIIE0-
BaHUA.

CooTBeTcTBHE IPUHIMIIAM 3THKH. VcciienoBanne 0j00peHO JTOKaIbHBIM 3THIECKUM KOMUTETOM MKeBCKoii ro-
CyIapCcTBEHHON MEAMIMHCKOM akageMun (mpotokoa Ne 652 ot 23.04.2019).

Jast nuruposanusi: ['unesa O.I'., Byronun E.I'., Tepemenko M.B. ConepixaHue JaMUHUHA B CBIBOPOTKE KPOBU
KPBIC B YCJIOBHSIX BBICOKOXXMPOBOH JHETHI NPH KOPPEKLUUH CYJIOASKCHAOM. broaremens cubupckoi meouyumbl.
2022;21(1):21-27. https://doi.org/10.20538/1682-0363-2022-1-21-27.
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INTRODUCTION

Obesity and metabolic syndrome have reached
epidemic proportions in the 21st century. The urgen-
cy of the problem of weight gain is associated with
an increased risk of development and progression of
atherogenic dyslipidemia, cardiovascular diseases,
and nonalcoholic fatty liver disease (NAFLD) [1].
NAFLD is characterized by low-grade inflammation
in hepatocytes, which ultimately can lead to activa-
tion of connective tissue growth and formation of liver
fibrosis [1].

A number of previous studies have shown a cor-
relation between the accumulation of fat in hepato-
cytes and the stage of liver fibrosis [2]. Increased con-
sumption of fat contributes to an increase in the supply
of free fatty acids (FFA) to liver cells, a decrease in the
rate of beta-oxidation of FFA, as well as an increase
in the synthesis or secretion of very-low-density li-
poproteins (VLDL) in the liver, and then low-density
lipoproteins, formed from VLDL following hydroly-
sis of triglycerides under the action of lipoprotein li-
pase located on the capillary endothelium.

A significant contribution to fibrogenesis is made
by oxidative stress following lipid peroxidation with
the formation of highly reactive toxic compounds and
activation of inflammatory reactions with the release
of proinflammatory cytokines. The emerging oxida-
tive stress and excess of triglycerides in hepatocytes
can cause their cytolysis with the release of liver en-
zymes and, as a consequence, active synthesis of the
extracellular matrix. High blood level of triglycerides
in the composition of low-density lipoproteins can
have a damaging effect on endothelial cells. Laminin,
a non-collagen protein of connective tissue, can be
one of the markers of these processes.

Laminins are a family of large glycoproteins that
bind to one other and form about 15 heterotrimeric
macromolecules. The molecular weight of laminin
ranges from 400 to 900 kDa. Currently, 16 lami-
nin isoforms have been identified in mammals [3].
Laminins are some of the components of the basement
membranes in various tissues, mediating their interac-
tion with cells. They contribute to the formation of an
integral structure between cellular receptors and the
basement membrane due to their polymerization and
act as key molecules in the formation of unique tissue
structures. Together with other non-protein compo-
nents of the extracellular matrix, they participate in
cell adhesion, tissue reconstruction, and maturation of
collagen fibers.

The drug sulodexide (Vessel Due F®) is an anti-
coagulant that has antiplatelet, antithrombotic, angio-
protective, hypolipidemic, and fibrinolytic effects. The
active ingredient is an extract from the mucous mem-
brane of the small intestine of animals; it is a natural
mixture of a low-molecular-weight heparin (80%) and
dermatan sulfate (20%) [4]. The mechanism of the an-
gioprotective effect is associated with restoration of the
structural and functional integrity of vascular endothe-
lial cells. It normalizes blood rheology by lowering the
level of triglycerides and reducing blood viscosity [4].

The aim of the research was to study the content of
lipid metabolism parameters, major enzymes of hepat-
ic cytolysis, and laminin in the blood of rats fed with
a high-fat diet against the background of sulodexide
administration.

MATERIALS AND METHODS

The study was carried out on white outbred male
rats with an initial body weight of 200-250 g. Work
with rodents was carried out in accordance with the
Order of the Ministry of Health of the Russian Feder-
ation No. 199n of 01.04.2016 “On the approval of the
rules of good laboratory practice”. The study was ap-
proved by the local Ethics Committee at [zhevsk State
Medical Academy (Protocol No. 652 of 23.04.2019).

The animals were kept in cages at 23 + 2°C with
12h / 12h light — dark regime and had free access to
food and water. All animals were divided into three
groups — a control group (15 rats) and two experimen-
tal groups (15 animals each). The rats of the control
group were fed with a standard vivarium diet. For 35
days, the animals of the two experimental groups re-
ceived a high-fat diet — 44% of lard and 9% of vegeta-
ble oil from the daily diet [5]. In addition, for 35 days,
the rats in the second experimental group received
daily subcutaneous injections with Vessel Due F® at
a dose of 8.5 LRU / kg in terms of the animal’s body
weight [6]. From day 36 to day 60 of the experiment,
all the rats were fed with a standard diet of the vi-
varium. On day 60 of the experiment, changes in the
studied parameters were assessed in the long run [7].

The body weight of the animals was determined
before the start of the experiment and at each time
interval studied. Fasted animals were removed from
the experiment on days 21, 35, and 60 by decapita-
tion under short-term ether anesthesia. The material
for the research was blood taken from the cervical
vein. Blood serum was obtained from blood sam-
ples by centrifugation (3,000 rpm for 15 minutes) to
determine biochemical parameters and laminin. An
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automatic chemistry analyzer AU-480 (Beckman
Coulter, USA) with appropriate test systems was used
to determine the concentration of the main lipid me-
tabolism parameters (total cholesterol (TC), high-den-
sity lipoproteins (HDL) and low-density lipoproteins
(LDL), triglycerides (TG)), as well as the activity of
the major liver enzymes, such as alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), al-
kaline phosphatase (ALP), and lactate dehydrogenase
(LDH). The laminin concentration was determined by
the enzyme-linked immunosorbent assay (ELISA) us-
ing the Laminin ELISA Kit (USA).

Statistical processing of the results was carried
out using the SPSS Statistics software. Descriptive
statistics are presented as the median and the inter-
quartile range Me [Q,; Q,]. The data obtained did not
follow a normal distribution; therefore, the statistical
significance of the differences was calculated using

the nonparametric Mann — Whitney test. The value of
p <0.05 was considered statistically significant.

RESULTS AND DISCUSSION

The body weight of the animals from the experi-
mental group 1 fed with a high-fat diet increased by
day 35 of the experiment and continued to increase
till the end of the experiment. The body weight of the
animals from the experimental group 2 who received
a high-fat diet and injections of sulodexide did not
differ significantly from the control values (Table 1).

After consumption of high-fat food, the follow-
ing changes in the lipid profile were observed in the
blood serum of the rats in the experimental group 1:
an increase in the concentration of TC by 165.3%,
LDL — by 458.8%, TG — by 522.5%, and HDL — by
58.6% compared with the control by day 60 of the ex-
periment (Table 2).

Table 1
Change in body weight of the experimental rats compared with the control, n =5
E i t ti d
Conditions of the experiment Day 21 xper;;;eyns 51me, ays Day 60
Diet 15.2; p=0.089 25.9; p=0.041 17.6; p=0.039
Correction 0.1; p=0.405 7.4;p=0.076 15.2;p=0.118
Table 2
Biochemical parameters in the blood serum of rats fed with a high-fat diet, mmol /1, Me [Q; O]
Experiment time, days
Parameter Day 21 Day 35 Day 60
Control, n=15 Experiment, n =5 Control,n=15 Experiment, n =5 Control, n=15 Experiment, n =5
1.69 1.98 2.07
0.78 0.89
TC ) [1.69; 1.81] ) [1.89;2.01] i [1.85;2.11]
[0.75; 0.92] »=0.009 [0.81; 0.91] »=0.007 [0.84; 0.96] »=0.009
0.74 0.69 0.73
0.46 0.55
HDL ) [0.73; 0.79] ) [0.67; 0.7] ) [0.71; 0.79]
[0.41; 0.47] p=0012 [0.50; 0.59] »=0.025 [0.51; 0.59] p=0.008
LDL 0.17 [0 4%4(? 49] [0 4(;'-58 57] 0.21 [0 26951 2]
[0.17; 0.23] = 0.009 [0.17; 0.22] »=0.009 [0.14; 0.33] »=0.009
1.77 1.90 2.49
0.40 0.52
TG ) [1.48;2.89] ) [1.87; 1.91] ) [1.58;2.7]
[0.4; 0.47] »=0.009 [0.41; 0.57] p=0011 [0.49; 0.56] »=0016

It is reasonable to expect these changes from the
standpoint of assimilation of exogenous lipids due to
their increased absorption and enhanced synthesis of
VLDL in the liver, and then LDL in the vascular en-
dothelium. Excess of TG is deposited in the form of
fatty vacuoles in hepatocytes, which leads to the for-
mation of fatty liver disease — steatosis [8]. As a result,
lipid peroxidation processes are activated, proinflam-
matory cytokines are synthesized, and oxidative stress
develops.

These processes may result in hepatic cytolysis,
leading to the release of intracellular enzymes, such as
ALT, AST, ALP, and LDH, and their accumulation in
the blood. In our experiment, a statistically significant
increase in ALT activity by 104.4%, 184.1%, 219.3%
(p <0.05) on day 21, 35, and 60 of the experiment,
respectively, and a tendency toward elevation of AST,
ALP, and LDH with a statistically significant increase
by 27.8%, 204.7%, and 42.6%, respectively, by day
60 of the experiment were noted.
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In the case of persistent damage, slowdown in re-
generation and replacement of hepatocytes with an
excess amount of extracellular matrix proteins were
observed [2]. In addition, the excess of TG and TC
following free radical oxidation might have a destruc-
tive effect on the vascular endothelium. Laminin, the
basement membrane glycoprotein, may be one of the
markers of ongoing pathological changes.

Laminin is a structural non-collagen glycoprotein
of the basement membrane consisting of three short
arms with globules and one long arm [9]. Each lami-
nin chain consists of several domains on which active
centers of interaction with various biologically active
substances, such as type IV collagen, fibronectin, and
nidogen, are located. Nidogen occupies a prominent

300
250
200
150 —

100

50

% of changes relative to the control

21

place in the structure of the cellular matrix having a
covalent bond to collagen and forming an insoluble,
non-covalently bound complex with laminin. This
complex is fixed with cells, which determines the main
function of laminin as an adhesive protein of various
epithelial and mesenchymal cells providing tissue re-
sistance to stretching and affects cellular growth, mor-
phology, differentiation, and mobility [10]. Therefore,
when the cells are exposed to a damaging factor, the
release of extracellular matrix components into the
bloodstream is likely.

In the course of the experiment, an increase in
the laminin content was observed already on day
21 of the experiment and by the end of the experi-
ment (Fig. 1).

27

35 B0

Day of the experiment

*— p <0.05 compared with the control group

Fig. 1. Changes in the concentration of laminin against the background of a high-fat diet relative to the control, %

The study of biochemical liver parameters against
the background of sulodexide administration and a
high-fat diet showed that the activity of the major en-
zymes of hepatic cytolysis decreased at the indicated
points of the experiment, with the highest value on
day 60 compared with similar parameters in the first
group of animals (Fig. 2).

The hepatoprotective effect of the drug may also be
associated with its hypolipidemic effect, an increase in
the activity of lipoprotein lipase, and, therefore, with
increased breakdown of TG in the composition of li-
poproteins, and, as a consequence, with a decrease in
the concentration of products of their peroxidation and
restoration of hepatocytes. According to the results of
the experiment, after administration of sulodexide, a
tendency toward a decrease in the concentration of
the studied lipid profile parameters was noted: TC de-
creased by 26%, HDL — by 1.4%, LDL — by 52%, and

TG — by 26% on day 21 of the experiment. An even
greater decrease was recorded on day 35 of the experi-
ment: TC reduced by 37%, HDL — by 30%, LDL — by
18%, and TG — by 64% (p < 0.05) with a pronounced
decrease by day 60 of the experiment (Fig. 3).

A decrease in the difference in these parameters
against the background of sulodexide administration
compared with the control values by the end of the ex-
periment is worth noting (Fig. 4). The angioprotective
effect of sulodexide associated with restoration of the
structural and functional integrity of the vascular en-
dothelium, normalization of negative electric charge
density, and decreased basement membrane thickness
and extracellular matrix production explains a de-
crease in the laminin concentration observed against
the background of the diet and after administration of
the drug by 26.3%, 22.6%, and 37.4% on day 21, 35,
and 60 of the experiment, respectively (Fig. 5).
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Fig. 2. Changes in the activity of enzymes involved in hepatic cytolysis under the conditions of a high-fat diet and sulodexide
injections by days of the experiment, %
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Fig. 3. Parameters of lipid metabolism under conditions of a high-fat diet and against the background of sulodexide administration
by the end of the experiment
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Fig. 4. Dynamics of the lipid profile parameters against the background of sulodexide administration relative to the control
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control
21 diet
35 diet
60 diet

Laminin
Laminin
Laminin
21 therapy
Laminin
Laminin
35 therapy
Laminin
Laminin
60 therapy

Fig. 5. Concentrations of laminin against the background
of the diet and sulodexide administration: the abscissa is
the time of the experiment, days; the axis of ordinates is the
laminin concentration in the blood serum, ng / ml. * — p <0.05
compared with the control. Due to a lack of statistically
significant differences in the control values, the mean value for
the control was calculated for all days of the experiment

The analysis of the data obtained allows to con-
clude that the administration of sulodexide may be
reasonable for managing steatosis and liver fibrosis
and restoring the integrity of the vascular endotheli-
um, which is typical of a high-fat diet.

CONCLUSION

The results of the experiment indicate that a high-
fat diet leads to a change in the concentration of lipid
metabolism parameters in the blood serum of rats. This
can initiate destructive processes in the liver cell mem-
brane with the release of the main biochemical markers
of hepatic cytolysis (ALT, AST, ALP, LDH) into the
bloodstream, as well as endothelial dysfunction with an
increase in the laminin level in the blood of animals.

The studied drug sulodexide has a rather pro-
nounced hypolipidemic and angioprotective effect. It
is able to reduce the degree of hepatic cytolysis due to
the activation of lipolysis and is likely to restore the

Authors information

structure of the basement membrane in the vascular
endothelium. This is one of the reasons for applying
this drug in clinical practice.
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