BIONOris. 1(88)/2022

~51 ~

YOK 577.122.8
DOI 10.17721/1728.2748.2022.88.51-55

D. Krenytska, PhD stud.,

A. Rachkovska, stud.,

I. Liashuk, stud.,

A. Bakashova, stud.,

0. Savchuk, Dr. Sci.

Taras Shevchenko National University of Kyiv, Kyiv, Ukraine

THE CHARACTERISTIC OF QUALITATIVE COMPOSITION
OF THE MATRIX METALLOPROTEINASES IN HOMOGENATES OF TISSUES DURING
THE DEVELOPMENT OF EXPERIMENTAL OBESITY IN THE RATS

Obesity is the complex and multifactorial disease that develops with influence of genetic, physiological, socio-economic and
environmental factors. This disearse could increase the risk of comorbidities and mortality. Economic growth, automation of
many technical processes and urbanization are the reasons of the sedentary lifestyle over the past 30 years, which has led to the
widespreading of obesity among the population in 2 or even 4 times. In general, obesity is associated with excessive growth of
adipose tissue, the development of which depends on cellular processes related to the population of cells such as adipocytes
and their precursors. However, the accumulation of fat mass causes dysfunction of other tissues, which leads to a number of
pathological processes. Our study was focused on the enzymatic activity of liver, kidney, and muscle tissue in obese rats. We
have determined the changes the enzymatic activity matrix metalloproteinases (MMP) such as MMP-7 and MMP-9 in the
experimental tissues. We found the manifestation of the enzymatic activity of MMP-7 in tissues of rats suffered with obesity,
while in the healthy rats is not observed such the process. We suggest that this is due to the development of tissue fibrosis. An
addition, we also recorded an increase in the enzymatic activity of MMP-9 in muscle tissue rats suffered with obesity. Probably, it
links with the regenerative process in the experimental tissue. Further researches of the activity of matrix metalloproteinases in
different tissues must provide knowledge about the biochemical processes during obesity which help to create the several right
medicines and the development of new methods / approaches to the diagnostic and treatment of this pathology.
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Introduction. Obesity is a serious chronic disease that
is a serious problem for human health. Over the last
30 years, the world has seen an exponential increase in
obesity among the population, with obesity among adults
and children (6-11 years) doubling, and rates of adolescent
(12-19 years) obesity tripling. The accumulation of fat mass
depends on the interaction between genetic, metabolic,
physiological and environmental factors. Obesity is the
cause of diseases such as type 2 diabetes, fatty liver
disease, hypertension, myocardial infarction, stroke,
dementia, osteoarthritis, obstructive sleep apnea, some
cancers. Obesity is also associated with unemployment,
social ills, and declining socio-economic productivity.
[1,2]. Obesity causes the development of inflammatory
processes — circulating concentrations of many
inflammatory markers in obese people are much higher
than in healthy people. It is believed that the
development of inflammatory processes during obesity
plays a significant role in the emergence and spread of
insulin resistance and other metabolic disorders [3].
Obesity causes the growth of adipose tissue, stimulated
by the accumulation of cells — adipocytes. At the same
time, adipocytes not only store fat, but are also an active
endogenous and paracrine organ that secretes various
bioactive  mediators that affect body weight
homeostasis, insulin resistance, circulating lipid content,
blood pressure and coagulation [4,5].

Obesity mainly affects the remodeling of the
extracellular matrix due to the growth of adipose tissue,
fibrosis, development and rupture of atherosclerotic
plagues. A number of regulatory factors and proteolytic
enzymes are involved in the process of remodeling the
extracellular matrix. Matrix metalloproteinases (MMPs) are
major participants in extracellular matrix degradation, and
the regulation of their expression and activity plays a
crucial role in tissue homeostasis. In general, MMPs are
multifunctional proteases that are primarily involved in the
cleavage of extracellular matrix components with the
subsequent release of bioactive fragments and proteins,
are involved in membrane exfoliation, play an important

role in chemokine processing and affect the activity of
others. This means that changes in MMP expression affect
the structure and function of the extracellular matrix, as
well as basement membranes, which can lead to the
development of pathological conditions [6,7,8]. During
obesity, the inflammatory adipokine leptin induces the
expression of MMP-2 and MMP-9 in various tissue cells.
These MMPs are considered markers of obesity, because
they are found in high concentrations in the blood of
patients suffering from fatty disorders. In addition, the role
of MMPs in the degradation of extracellular matrix
components during invasion and metastasis of cancer cells
is known. Moreover, the increase in MMP expression is
associated with inflammation due to their stimulation of the
activity of various stromal cells, such as fibroblasts and
leukocytes [9,10,11]. There has also been an increase in
MMP-9 in patients with obesity associated with
cardiovascular disease. There are a large number of
studies that confirm the importance of MMP in the
development of atherosclerosis. Even in some scientific
literature, MMPs are considered markers of vascular
disease. The inflammatory process in obesity also affects
muscle remodeling by reducing the activity of MMP-2 and
inhibiting the cells responsible for hypertrophy [12].

Thus, obesity is a progressive disease that causes a
number of problems in the body. Given the above,
MMPs play a significant role in the development of
pathological conditions during obesity. The relationship
between the increase / decrease in the concentration of
different types of MMP and the stimulation of
dysfunction of the cardiovascular system, muscle tissue,
gastrointestinal tract, nervous system.

Objective: analyze the qualitative composition of
matrix metalloproteinases in the tissues of the liver,
kidneys and muscles of obese rats.

Materials and methods. The experiments were per-
formed on white nonlinear male rats with an initial weight of
115-150 g. During 1 week of the experiment, all animals
received standard food "Purina rodent chow" and water ad
libitum. On day 8, the animals were randomly divided into
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2 groups. Rats of the 1st group ("Control") continued to
receive standard food for the next 10 weeks. Animals of the
2nd group ("High-calorie diet") consumed high-calorie food,
which consisted of standard food (60 %), lard (10 %),
chicken eggs (10 %), sucrose (9 %), peanuts (5 %), milk
powder (5 %), vegetable oil (1 %) and received water for
10 weeks. The liver, kidneys, and muscles were excised,
washed in chilled 0.9 % NaCl, cleared of connective tissue
and blood vessels, shredded with scissors, and homoge-
nized in chilled buffer. The obtained homogenates were
centrifuged at 600 g for 15 min at + 4 °C. The precipitate
was discarded and the supernatant was centrifuged again
at 15,000 g for 15 minutes. Aliquots of supernatant were
packaged in eppendorf-type microtubes and frozen at -20 °C
until further use. Enzyme-electrophoretic analysis was per-
formed according to the method [13]. The separating gel
was polymerized in the presence of gelatin at a rate of
1 mg/ml. The concentration of the separating gel was
12 %, which prevented the migration of polymerized gelatin
into the separating gel. Separation of the samples was
performed at a current of 19 mA. After electrophoretic sep-
aration, the gels were washed in 2.5 % Triton X-100 for
one hour to remove residual sodium dodecyl sulfate. The
gels were then filled with 0.05 M Tris-HCI buffer, pH 7.4,
containing 0.13 M NaCl, and incubated for 12 hours. Fixa-
tion and staining of gels was performed according to a
standard electrophoresis protocol.
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The paper adhered to international recommendations
for conducting medical and biological research using ani-
mals in accordance with the European Convention (Stras-
bourg, 1986). Experimental work with rats was carried out
in the vivarium of the Taras Shevchenko National Universi-
ty of Kyiv (2018 — 2021). Work with animals was regulated
by the rules of experimental work with experimental ani-
mals, which were approved by the Academic Council of
this institution, which in turn was consistent with current
legislation of Ukraine adopted at that time.

Results and discussion. We analyzed enzymograms
of the tissues of the liver, kidneys and muscles of obese
rats. Enzymograms of non-obese rat liver, kidney, and
muscle tissues were used as controls.

The enzyme diagram of liver tissues in obese rats
clearly shows high enzymatic activity in the area with a
molecular weight of 21 kDa, whereas in obese rats
(Fig. 1) this was not observed, which can be explained as
an increase in enzymatic activity of MMPs molecular
weight of about 19-21 kDa, which corresponds to the
active form of MMP-7, during the development of obesity
in the body. According to the literature, the growth of
MMP-7 in liver tissue is a biomarker of the spread of non-
alcoholic fatty liver disease, as well as the development of
biliary atresia, which stimulates remodeling of liver tissue
and progression of fibrosis of this organ. In addition,
MMP-7 may be a target for therapeutic approaches to
prevent liver damage by fibrosis [13—15].
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Fig. 1. Typical gelatin zymograms of liver tissue from control (A, B) and experimental rats (C, D).
Lanes M1 and M2 = molecular-weight markers (active proteolytic enzymes with known molecular mass).
In all cases samples (10puL each) were electrophoresed in 12 % SDS-PAGE with gelatin and treated as described in "Methods"

In addition, differences were found between the
zymogrames of the kidney tissues of the rats healthy and
suffered with obesity (Fig. 2). It was the enzymatic
activity in the range of 19-21 kDa, which appropriates of
the active form of MMP-7 in rats suffered with obesity.
MMP-7 is known to be expressed in the Ilow
concentrations in adults and only in some tissues, but
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MMP-7 is activated during various diseases. The
significant enzymatic activity of MMP-7 in the kidneys
indicates the acute inflammation and chronic kidney
disease. MMP-7 causes the injury to the renal tubules
and the progression of renal fibrosis. We suggest that the
increase in the enzymatic activity of MMP-7 causes
obesity and affects adversely to the kidney tissue [16, 17].
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Fig. 2. Typical gelatin zymograms of kidney tissue from control (A, B) and experimental rats (C, D).
Lanes M1 and M2 = molecular-weight markers (active proteolytic enzymes with known molecular mass).
In all cases samples (10uL each) were electrophoresed in 12 % SDS-PAGE
with gelatin and treated as described in "Methods™

After analyzing the enzymograms of muscle tissues,
we recorded enzymatic activity in the range of 19-21 kDa
and 85 kDa in obese rats (Fig. 5), while in non-obese rats
this was not observed (Fig. 3). According to the literature,
19-21 kDa is the molecular weight of the active form of
MMP-7, and 85 kDa is of the active form of MMP-9.
Manifestation of the enzymatic activity of MMP-7 may

indicate skeletal muscle hypertrophy. While MMP-9 is
considered an important protease in the regenerative
process, because they are strongly expressed in muscle
damage and affect tissue remodeling. Thus, we associate
the development of obesity with a negative impact on
muscle tissue of the body through increased expression
of MMP-7 and MMP-9 [18,19].
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Fig. 3. Typical gelatin zymograms of muscle tissue from control (A, B) and experimental rats (C, D).
Lanes M1 and M2 = molecular-weight markers (active proteolytic enzymes with known molecular mass).
In all cases samples (10uL each) were electrophoresed in 12 % SDS-PAGE
with gelatin and treated as described in "Methods"

As result, Table 1 is described the enzymatic activity
of MMPs in experimental tissues. The enzymatic activity
of MMP-7 was observed in liver, kidney and muscle tis-
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sues of rats suffered with obesity. Moreover, the enzy-
matic activity of MMP-9 was detected in the muscle tissue
of experimental rats.
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Table 1. Enzymatic activity of MMPs in rat tissues

Control group

Experimental group

Type of tissue Enzymatic activity Enzymatic activity Enzymatic activity Enzymatic activity
of MMP-7 of MMP-9 of MMP-7 of MMP-9

Liver tissue - - + -

Kidney tissue - - + -

Muscle tissue - - + +

Conclusion. Enzymograms of liver, kidney, and muscle
tissues from control and experimental rats were studied. It
was found that under the conditions of induced obesity in
rats there are changes in the composition of the MMP of the
previously mentioned tissue types. Obesity of the kidneys,
liver and muscles of obese rats showed an increase in the
enzymatic activity of MMP-7, which is usually normal or not
manifested at all, or poorly functioning. We hypothesize that
MMP-7 affects the development of liver, kidney, and muscle
fibrosis. Interestingly, the enzymatic activity of MMP-9, which
affects the degradation of extracellular matrix components,
increases in muscle tissue. Further studies of the function of
matrix metalloproteinases in liver, kidney and muscle tissues
in normal and in pathology will provide an understanding of
biochemical processes in obesity and the development of
new methods / approaches to treatment of this pathology.
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KuiBcbkui HauioHanbHUM yHiBepcuteT iMeHi Tapaca LLleBuyeHka, KuiB, YkpaiHa

XAPAKTEPUCTUKA AKICHOIO CKNALY MATPUKCHUX METANOMPOTEIHA3 Y TOMOIEHATAX TKAHUH
3A PO3BUTKY EKCNEPUMEHTAJIbHOIO OXXMUPIHHA Y LLYPIB

OupiHHsA € cknadHuM i 6azamoghakmopHUM 3axeOpPIO8aHHSIM, WO PO38UBAEMbLCS Mi0 en/IUOM 2eHemu4Hux, ¢pizionoziyHux, coyianbHo-
EKOHOMIiYHUX ma eKos102i4HuUX ghakmopis. OXUpPiHHSI Moxe 36inbwumu pu3ukK eusigy CyrnymHix 3axeoproeaHb ma siemasibHUX Haciokie. EKoHomi4-
He 3pocmaHHsi, aemomamu3sauiss 6azambox MexHi4HUX npouyecie ma yp6aHizayiss € Npu4YUHaMu Masiopyxsiueo20 crocoby Xummsi 3a ocmaHHi
30 pokis, wo npuseesio o cmMpiMKO20 3pOCMaHHs1 PO38UIMKY OXUPIiHHSI ceped HacesleHHs1 y 2, a mo U y desikux pezioHax y 4 pa3u. 3a2asom oxu-
PiHHS1 Xapakmepu3yembcsi HAaOMIPHUM PO3POCMaHHSIM XXUPOBOI MKaHUHU, PO38UMOK sIKOi 3aexums eid nepebizy KnimuHHUX npouyecie, noe's3a-
HuXx i3 nonynsyiero makux KaimuH, sk adunoyumu ma ix nonepedHUKuU. 3a3Ha4yaeMo, W0 HaKOMUYEHHS KUPOB8OI Macu 8UK/TUKae QUCYHKUit0 iHwux
MKaHUH, sike npu3eodums 00 Hebe3neKu NMOWUPEeHHs iHWuUX namosnoz2iyHux npouyecie. Hawe AocnidxeHHs1 30cepedxeHO Ha ¢hepMeHmMamueHili
aKkmueHocmi neyiHKU, HUPOK i M'A30801 MKaHUHU y wiypie 3 O)XXUpiHHSIM. BusHayeHO 3MiHU ¢ghepmeHmMamueHoi akmueHocmi Mampu4yHuUxX Memarnon-
pomeiHa3 (MMP), makux sik MMP-7 i MMP-9, e ekcnepumeHmasnbHUX mkaHuHax. BusieneHo ¢pepmenmamueHy akmueHicmb MMP-7 y mkaHuHax
wypie, siki cmpaxodanu Ha oxupiHHsi, modi sik y 30opoeux wypie makozo npouyecy He cnocmepizanocsi. Mu npunyckaemo, wo ye rnoe's3aHo 3 pos-
sumkom ¢pi6po3y mkaHuH. Takox 3aghikcoeaHo nidsuuwseHHs pepmenmamueHoi akmueHocmi MMP-9 y wypie M'si3080i mkaHuUHuU, siKi cmpaxdanu
8i0 oxupiHHs. IMogipHO, Ye noe’'si3aHo 3 peceHepamMuUBHUM MPOUECOM 8 eKcriepuMeHmarbHili mkaHuHi. lTodanbwi docnidxeHHs akmueHocmi Mam-
PUKCHUX MemaJsionpomeiHa3s y pi3HUX mKaHUHax MoXymb 0amu iHghopmauito, sika do3eonums po3pobumu Hoei Memodu/nidxodu do diazHocmuku
ma slikyeaHHs1 yiei namousoeil.

Knroyoei cnoea: oxupiHHs, MemanonpomeiHa3u, eH3umozpadgisi.
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