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Abstract: Endothelin-1 (ET-1) is one of the most potent vasoconstrictors known to date. While its
plasma or serum concentrations are elevated in some forms of experimental and human hypertension,
this is not a consistent finding in all forms of hypertension. Matrix metalloproteinases -2 and -9
(MMP-2 and MMP-9), which degrade collagen type IV of the vascular basement membrane, are
responsible for vascular remodeling, inflammation, and atherosclerotic complications, including in
type 2 diabetes (T2D). In our study, we compared concentrations of ET-1, MMP-2, and MMP-9 in
pre-hypertensive (PHTN) and hypertensive (HTN) T2D patients with those of healthy normotensive
controls (N). ET-1, MMP-2, and MMP-9 were measured by ELISA. Concentrations of ET-1 in PHTN
and N were very similar, while those in HTN were significantly higher. Concentrations of MMP-2
and MMP-9 in PHTN and HTN were also significantly higher compared to N. An interesting
result in our study is that concentrations of MMP-2 and MMP-9 in HTN were lower compared to
PHTN. In conclusion, we showed that increased production of ET-1 in patients with T2D can lead
to long-lasting increases in blood pressure (BP) and clinical manifestation of hypertension. We also
demonstrated that increased levels of MMP-2 and MMP-9 in pre-hypertensive and hypertensive
patients with T2D mainly reflect the early vascular changes in extracellular matrix (ECM) turnover.

Keywords: pre-hypertension; type 2 diabetes; endothelin-1; matrix metalloproteinases-2; matrix
metalloproteinases-9; vascular remodeling
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Abstract: Arterial hypertension is a disease with a complex pathogenesis. Despite considerable
knowledge about this socially significant disease, the role of magnesium deficiency (MgD) as a risk
factor is not fully understood. Magnesium is a natural calcium antagonist. It potentiates the production
of local vasodilator mediators (prostacyclin and nitric oxide) and alters vascular responses to a variety of
vasoactive substances (endothelin-1, angiotensin II, and catecholamines). MgD stimulates the production
of aldosterone and potentiates vascular inflammatory response, while expression/activity of various
antioxidant enzymes (glutathione peroxidase, superoxide dismutase, and catalase) and the levels of
important antioxidants (vitamin C, vitamin E, and selenium) are decreased. Magnesium balances the
effects of catecholamines in acute and chronic stress. MgD may be associated with the development
of insulin resistance, hyperglycemia, and changes in lipid metabolism, which enhance atherosclerotic
changes and arterial stiffness. Magnesium regulates collagen and elastin turnover in the vascular wall and
matrix metalloproteinase activity. Magnesium helps to protect the elastic fibers from calcium deposition
and maintains the elasticity of the vessels. Considering the numerous positive effects on a number of
mechanisms related to arterial hypertension, consuming a healthy diet that provides the recommended
amount of magnesium can be an appropriate strategy for helping control blood pressure.

Keywords: magnesium deficiency; arterial hypertension; wvascular tone; arterial stiffness;
vascular remodeling; insulin resistance; magnesium supplementation; dietary magnesium intake

1. Introduction

Magnesium (Mg?2*) is the fourth most common mineral in the human body after calcium (Ca?*),
potassium (K*), and sodium (Na*), and should be continuously replenished by food and water
intake [1]. Mg2* is the second richest intracellular cation after K* and is a cofactor in more than 325
enzyme systems in cells [2]. Mg?* is abundant in all green leafy vegetables, cereal, nuts, and legumes.
Chocolate products, fruits, meat, and fish contain moderate amounts of Mg?*, and dairy products are
low in Mg?*. Drinking water can be an important source of Mg?* when it contains up to 30 mg/L of
Mg?* [3]. Chronic inadequate intake of Mg2* over a long period of time can manifest as latent magnesium
deficiency (MgD) [1]. Chronic MgD is associated with an increased risk of multiple preclinical and clinical
manifestations including hypertension (HTN), atherosclerosis, cardiac arrhythmias, stroke, changes in
lipid metabolism, insulin resistance, metabolic syndrome (MetS), type 2 diabetes (T2D), osteoporosis,
depression, and other neuropsychiatric disorders [4] (Table 1). The assessment of Mg2* status in the body is
difficult because most is found in the cells or in the bones. Only 1% of the total Mg?* in the body is present
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Abstract: Background and objectives: HbAlc measurements may be useful not only in optimizing
glycemic control but also as a tool for managing overall vascular risk in patients with diabetes.
In the present study, we investigate the clinical significance of HbAlc as a biomarker for
hyperglycemia-induced vascular damages in type 2 diabetes (T2D) based on the levels of matrix
metalloproteinases-2, -9 (MMP-2, MMP-9), anti-collagen IV (ACIV), and anti-elastin (AE) antibodies
(Abs) IgM, 1gG, and IgA, and CIV-derived peptides (CIV-DP) reflecting collagen and elastin turnover
in the vascular wall. The aim is to show the relationship of hyperglycemia with changes in the levels
of vascular markers and the dynamics of this relationship at different degrees of glycemic control
reported by HbAlc levels. Materials and Methods: To monitor elastin and collagen IV metabolism,
we measured serum levels of these immunological markers in 59 patients with T2D and 20 healthy
control subjects with an ELISA. Results: MMP-2, MMP-9, and the AEAbs IgA levels were significantly
higher in diabetic patients than in control subjects, whereas those of the AEAbs IgM, ACIVAbs IgM,
and CIV-DP were significantly lower. MMP-9 levels were significantly lower at HbA1lc values >7.5%.
Conclusions: A set of three tested markers (MMP-2, MMP-9, and AEAbs IgA) showed that vascular
damages from preceding long-term hyperglycemia begin to dominate at HbAlc values >7.5%,
which is the likely cut-point to predict increased vascular risk.

Keywords: type 2 diabetes; hemoglobin Alc; matrix metalloproteinases-2 and -9; anti-elastin antibodies;
anti-collagen IV antibodies; diabetic retinopathy; diabetic nephropathy; macrovascular complications

1. Introduction

The prevalence of type 2 diabetes (T2D) is increasing worldwide, and it is expected to affect over
500 million adults worldwide by 2030 [1]. T2D is an important contributor to adverse cardiovascular
complications, which are the leading causes of morbidity and mortality in Western countries [2].

Prevention of complications in T2D is closely linked to long-term control of hyperglycemia [3]
since metabolic consequences extending beyond impaired glucose metabolism can affect almost every
tissue and organ system of the body [4]. Despite the tendency in patients with good metabolic control
to have a significantly reduced risk of developing complications, vascular disease can continue to
develop and progress even under intensive treatment regimens due to the phenomenon known as
“glycemic memory” [5]. Increased glucose levels can lead to metabolic derangements associated with
vision loss, peripheral neuropathy, myocardial infarction, strokes, foot ulcers, and end-stage renal
disease, which may cause permanent disability [6].
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Abstract: Thickening of the vascular basement membrane (BM) is a fundamental structural change
in the small blood vessels in diabetes. Collagen type IV (CIV) is a major component of the BMs, and
monitoring the turnover of this protein in type 2 diabetes (T2D) can provide important information
about the mechanisms of vascular damage. The aim of the study was through the use of non-invasive
biomarkers of CIV (autoantibodies, derivative peptides, and immune complexes) to investigate
vascular turnover of CIV in patients with long-term complications of T2D. We measured serum
levels of these biomarkers in 59 T2D patients with micro- and/or macrovascular complications and
20 healthy controls using an ELISA. Matrix metalloproteinases-2 and -9 (MMP-2 and MMP-9) were
also tested. In the T2D group, significantly lower levels of CIV markers and significantly higher
levels of MMP-2 and MMP-9 were found compared to controls. A significant positive correlation was
found between IgM antibody levels against CIV and MMP-2. These findings suggest that vascular
metabolism of CIV is decreased in T2D with long-term complications and show that a positive linear
relationship exists between MMP-2 levels and CIV turnover in the vascular wall.

Keywords: type 2 diabetes; collagen IV; vascular basement membrane; matrix metalloproteinases-2
and -9; diabetic vascular complications

1. Introduction

Diabetes mellitus is a chronic disease with an increasing frequency in recent decade.
The International Diabetes Federation (IDF) estimates that the global number of people
with diabetes will increase to 693 million by 2045 [1]. Type 2 diabetes (T2D) accounts more
than 90% of all diagnosed diabetes cases and is among the leading causes of cardiovascular
morbidity and mortality [2]. In patients with T2D, the treatment of cardiovascular disease
can be improved by identifying specific biomarkers to assess vascular changes [3].

Collagen (COL) is one of the primary load bearing components in the arterial wall and
plays an important role in vascular function in both normal and pathological processes [4,5]. In
patients with T2D, monitoring the turnover of this structural protein may provide important
information about the mechanisms of vascular damage [6-12]. As a result of degradation
processes occurring in the vascular extracellular matrix (ECM), the released COL peptides
enter the circulation and can be detected and examined in the serum [13]. In this regard, the
measurement of non-invasive markers of COL degradation, such as specific autoantibodies
(autoAbs), COL-derived peptides (DP), and circulating immune complexes (CIC) of the COL,
may be useful for monitoring the development of vascular complications in T2D [14-16].

Basement membranes (BMs) are a main focus of scientific research due to their role
in the pathogenesis of a number of diseases [17]. Diabetes is a “BM disease”, in which
microvascular damage of the capillaries is characterized by thickening of the BMs [18-20].
COL type IV (CIV) is a major vascular BM protein and represents up to 50% of all BM
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Abstract: The role of endothelin-1 (ET-1) in the pathogenesis of hypertension (HTN) is not clearly
established. There is evidence that its circulating levels are elevated in some forms of experimental
and human HTN, but this was not a consistent finding. Based on these controversial data, we tested
serum levels of ET-1 and Big ET-1 (the precursor of ET-1) in patients with essential HTN, comparing
the results with those of healthy normotensive controls. The levels of ET-1 and Big ET-1 were
measured by ELISA. Our results in patients with essential HTN showed that the mean levels of ET-1
(5.01 + 2.1 pg/mL) were significantly higher (F = 6.34, p = 0.0144) than the mean levels in the control
group (3.2 + 1.0 pg/mL). The levels of Big ET-1 in patients with essential HTN (0.377 + 0.1 pmol/L)
were similar to those in the control group (0.378 + 0.07 pmol/L) and did not differ significantly
(F =0.00, p = 0.9531). These data suggest that ET-1, but not Big ET-1, may play an important role in
the pathogenesis of primary HTN.

Keywords: essential hypertension; endothelin-1; big endothelin-1

1. Introduction

Hypertension (HTN) is one of the most prevalent diseases worldwide and is among
the most important risk factors for cardiovascular and cerebrovascular complications [1]. It
is currently thought to be the result of disturbances in a number of neural, renal, hormonal,
and vascular mechanisms regulating blood pressure (BP) [2], as crucial importance is given
to the imbalance of a number of vasoactive substances [3]. In HTN, the delicate balance in
the regulation of vascular tone is disturbed due to decreased bioavailability of NO and the
overproduction of ET-1 [4,5].

ET-1is a vasoactive peptide identified in 1988 by Yanagisawa and colleagues from the
supernatant of porcine aortic endothelial cells (ECs). It is composed of 21 amino acids and
two intrachain disulfide linkages in the molecule [6]. In the vasculature, ET-1 acts on ETA
and ETB (ETB1 and ETB2) receptors located on the vascular smooth muscle cells (VSMCs)
and ECs to induce vascular contraction or vasodilation [7]. Vasoconstrictive action of ET-1
is mainly mediated through ETA on VSMCs, while vasodilation is mediated through ETB1
on ECs [8].

The role of ET-1 in the pathogenesis of HTN is not clearly established. It is assumed
that under physiological conditions, the vasodilating action of ET-1 may predominate,
whereas under pathophysiological conditions, ET-1 may behave as a vasoconstrictor and
play a role in the pathophysiology of HTN [9]. There is evidence that circulating levels
of ET-1 are elevated in some forms of experimental and human HTN, but this was not
a consistent finding in all forms of HTN [10]. Furthermore, some studies show that Big
ET-1, the biological precursor of ET-1, may be a more accurate indicator of the degree of
activation of the endothelin system compared to ET-1, as it has a longer half-life and slower
clearance than ET-1 [11]. However, there are currently insufficient studies on Big ET-1
levels in patients with essential HTN. Based on these controversial data, we tested serum
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Abstract: The increased glycation of elastin is an important factor in vascular changes in diabetes.
Using the ELISA method, we determined serum levels of IgM and IgG autoantibodies to advanced gly-
cation end products of vascular elastin (anti-AGE EL IgM and anti-AGE EL IgG) in 59 hypertensive pa-
tients with type 2 diabetes (T2D) and 20 healthy controls. Serum levels of matrix metalloproteinases-2
and -9 (MMP-2 and MMP-9) and the C-reactive protein (CRP) were also determined. The levels of
anti-AGE EL IgM antibodies in the T2D group were similar to those in the control group, while those
of anti-AGE EL IgG antibodies were significantly higher (p = 0.017). Significant positive correlations
were found between the levels of anti-AGE EL IgM antibodies and MMP-2 (r = 0.322; p = 0.013)
and between the levels of anti-AGE EL IgG antibodies and CRP (r = 0.265; p = 0.042). Our study
showed that elevated anti-AGE EL IgG antibody levels may be an indicator of the enhanced AGE-
modification and inflammatory-mediated destruction of vascular elastin in hypertensive patients
with T2D. Anti-AGE EL IgM antibodies may reflect changes in vascular MMP-2 activity, and their
elevated levels may be a sign of early vascular damage.

Keywords: hypertension; type 2 diabetes; advanced glycation end products (AGEs); autoantibodies
to AGEs of vascular elastin

1. Introduction

Diabetes mellitus is a chronic disease with an increasing frequency over the last
decade [1], with type 2 diabetes (T2D) accounting for more than 90% of all diagnosed
cases [2]. In the long term, patients with T2D are at increased risk of developing cardio-
vascular disease (CVD), and the identification of specific biomarkers may improve their
treatment [3]. One group of biomarkers that can be used are the autoantibodies to advanced
glycation end products (AGEs) [4,5].

AGEs are formed by non-enzymatic reactions between the carbonyl groups of reducing
sugars, such as glucose, and the free amino groups of a number biomolecules in the body,
via the Maillard reaction [6]. This reaction is followed by the generation of a reversible
Schiff-base adduct, which rearranges into a more stable and covalently bonded Amadori
product. The Amadori product then undergoes irreversible chemical modifications that
generate AGEs [7]. The glycation process can affect all proteins in the body, including
circulating, extracellular, and intracellular proteins, such as hemoglobin, albumin, insulin,
immunoglobulins, low-density lipoproteins, lens crystalline proteins, collagen (COL), and
elastin (EL) [8-10]. Other biomolecules, such as lipids and DNA, can also be modified
in a similar way [11]. Particularly vulnerable to glycation are long-lived molecules such
as COL and EL in the vascular extracellular matrix (ECM), due to the slow rate of their
turnover [12,13]. In diabetes, AGEs can also be formed through the polyol pathway,
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Simple Summary: Hard ticks transmit the etiological agents of numerous diseases. Kaylaka Park
is a protected area, but part of it is designated for various outdoor activities. The aim of our study
was to establish the presence of hard ticks in four urbanized areas and four areas that are not
maintained and are natural wilderness areas (wild areas). The flagging method of collection was
used. Temperature, relative humidity, both collection time and distance covered were measured
during the sampling campaigns. The density of ticks collected was calculated, the number of ticks
captured per minute was calculated and the results were compared between urban and wild areas
over a five-year period (2016-2020). A total of 622 ticks were collected. All of them were identified as
Ixodes ricinus. Significant differences between the urban and wild areas were observed in the number
of ticks per minute and density of nymphs. The peak in questing tick activity has been established at
the end of April. The highest yield was obtained at 20 °C and at 60% relative humidity. We found
that the distribution of Ixodes ricinus ticks is widespread in Kaylaka Park. Their high density poses a
serious risk to park visitors in both wild and maintained urban areas.

Abstract: (1) Background: Ticks are vectors of a large number of pathogenic microorganisms, which
cause serious diseases in both humans and animals. Kaylaka Park is located in northern Bulgaria
close to the city of Pleven. Part of the park is urbanized and visited daily by many citizens. The
aim of our study was to determine the presence and distribution of hard ticks in the park area by
surveying and comparing four urbanized with four wild areas. (2) Methods: Ticks were collected
by flagging from 2016 to 2020 during the spring-summer season (March—July). Air temperature,
relative humidity, collection time and flagging area were measured during the campaign. (3) Results:
A total of 622 ticks were collected: 285 females (46%), 272 (44%) males and 64 (10%) nymphs. All
were identified as Ixodes ricinus. Wild areas showed statistically significant higher values of ticks
collected per minute (p = 0.009) and nymph densities (p = 0.003) compared to urbanized sampling
sites. Other densities indices did not have a significant difference between urban and wild areas.
Highest numbers of Ixodes ticks were collected at a temperature of 20 “C and at 60% relative humidity.
The active questing began in March, peaked in end of April and declined in June. (4) Conclusions: In
the present study, we found that ecological factors in the Kaylaka Park area are favourable for the
development and distribution of tick populations. The results give us reason to consider that there is
a high risk to visitors from tick bites in the Kaylaka Park area.

Keywords: [xodes ricinus; tick collection; tick density; flagging; medical entomology; Kaylaka Park
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Pearowme. [laiimckama bopenuosa (/16) e Hall-pasnpocmpaHeHama eexkmopHo npeHocuma 6onecm & Espo-
na. 3apassgaHemo Ha xopama c npuduHumens B, burgdorferi ce peanuaupa ypea yxansaqe om uHghexmu-
paH kbpnex. Llenma Ha HacmoAwomo npoyyeaHe e 8a ce oueHu puckbm om J16 8 lneeeH u pealoHa eb3
OCHOBE Ha CepoenudemMuUonoauyHY OaHHU Om pezLoHanHama 3dpasHa uxcnexkyus. MpedcmaeseHu ca 0aHHU
om ceponoauyHU uscnedsarus 3a aHmubopenuiiHu aHmumena 3a nalmcka bopenuosa, usebpuieHu e P31
—lneeeH (2015-2017 2.). Mpunoxetu ca cnedrume ceponozuyHu Mmemodu — ELISA IgM/AgG u umyHobnom
(Westernblot, WB IgM/igG). AHamnecmuyqHume daHHu ca HabpaHu nocpedcmeoM aHkemHo npoyyeaHqe. 3a
nepuoda 2015-2017 2. 8 P31 - lneeeH, ca uscnedsaHu 181 cepyma om nuya, npemuprend yxansaHe om
Kbpnex. MeceuHomo pasnpedeneHue Ha nocmbnunume e nabopamopusima nNpobu nokazea nOcmMeneHHo
HapacmeaHe Ha bpos UM Npe3 nemHume Meceyll ¢ nuk npes M. nu (n = 42). MonosuHama (n = 85) om
cepymHume npobu, nocmbnunu 3a uscnedsare Ha ELISA IgM, ca nosumusnu. Momebpdumener WB IgM
mecm e ussbpuieH Ha 76 npobu, om koumo 10 (13.16%) ca nozumusHu. CeponoaumusHu 3a ELISA IgG
ca 5/79 (6.33%) om uscnedeaHume npobu. HadexdHama nabopamopHa duazHocmUKa & om CbLLECMBEHO
3Ha4YeHue 3a paHHO OmKpusaHe, HabndeHue U KoHMpon Ha 3abonasaHemo.

Kniovoeu dymu: natimcka 6openuosa, ceponoauyHu mecmose, ELISA IgM/igG, WB IgM/igG

Abstract. Lyme borreliosis (LB) is one of the most prevalent vector-borne diseases in Europe. The infection of
humans with the B. burgdorferi agent is accomplished by biting from an infected tick. The purpose of this study
was to assess the risk of LB in Pleven and the region based on sero-epidemiological data from the Regional
Health Inspection. Data from serological tests for anti-borrelia antibodies were presented from the Regional
Health inspection-Pleven. The following serological methods - ELISA IgM/igG and immunoblot (Western blot,
WB IgM/igG) are applied. Anamnestic data were collected through a questionnaire. For the period 2015-2017,
181 sera of subjects with a tick bite were examined in Regional Health Inspection — Pleven. The monthly dis-
tribution of the samples received in the laboratory shows a gradual increase in their number in the summer
months with a peak in July (n = 42). Half (n = 85) of the serum samples received for ELISA IgM testing were
positive. A confirmatory WB IgM test was performed on 76 samples, of which 10 (13.16%) were positive. Sero-
positive for ELISA IgG were 5/79 (6.33%) of the tested samples. Interpretation of serological assays in context
of clinical symptom is important for early detection, monitoring and control of the disease.

Key words: Lyme borreliosis, serological tests, ELISA IgM/1gG, WB IgM/IgG
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ABSTRACT

Introduction. Osteoporosis is a disease character-
ized by decreased bone density and destruction of
the microarchitectonics of the bone structure. This
leads to increased bone fragility and risk of fracture
particularly of the hip, spine, wrist and shoulder.
Osteoporosis is known as ,The Silent Epidemic of
the Century® because bone loss occurs without symp-
toms. Altered ovarian function is one of the most
common causes of osteoporosis. Indicators for altered
bone homeostasis are the changes in serum levels of
matrix metalloproteinases (MMPs) and their tissue
inhibitors (TIMPs).

Objective. The aim of current study was to de-
termine the activity of alkaline phosphatase (ALP)
and serum concentrations of MMP-9, MMP-13 and
TIMP-1 in the ovariectomized rats.

Materials and Methods. An experiment was per-
formed on 35 female Wistar rats at reproductive age -
2 months divided into 2 groups: group 1 (G1)20 ani-
mals were sham-operated (sham) and group 2 (G2)-15
were ovariectomized (ovx).

REsume

Concentrations du sérum des métallo-protéinases
matricielles-9, -13 et TIMP-1 dans un modéle
d’ostéoporose a déficit ostrogénique d'un rat Wistar
femelle

Introduction. Lostéoporose est une maladie caracté-
risée par une diminution de la densité de la masse os-
seuse et la destruction de la micro-architecture de la
structure osseuse. Cela conduit a une fragilité osseuse
accrue et a un risque de fracture, en particulier de la
hanche, de la colonne vertébrale, du poignet et de
I’épaule. Costéoporose est connue comme «’épidémie
silencieuse du siécle» parce que la perte osseuse se
produit sans symptémes.Laltération de la fonction
ovarienne est l'une des causes les plus fréquentes
de l'ostéoporose. Les indicateurs de l'altération de
I"homéostasie osseuse sont les changements dans
les taux sériques des métallo-protéinases matricielles
(MMPs) et de leurs inhibiteurs tissulaires (TIMPs).

Objectifs. Le but de cette étude était de déter
miner I’activité de la phosphatase alcaline (ALP) et

Corresponding author: Armine Grigoryan

Department of ,Physiology and Pathophysiology”, Medical University-Pleven
.Kliment Ohridski® Str., N° 1, 5800 Pleven, Bulgaria
e-mail: armine14@abv.bg; phone: 0886-31-99-33



10. Grigoryan A, Dimitrova A Kostov K, Ruseva A, Atanasova M, Blazhev A, Betova T,

Trifonov R. Changes of serum concentrations of laelka phosphatase and
metalloproteinase-9 in an ovarectomized wistarmatdel of osteoporosis. Journal of
Biomedical and Clinical Research. 2017; 10(1): 32-B5SN: 1313-6917HAIIU/I,
(Web of Science 2014-) (CABI)

DE GRUYTER
OPEN

DOI: 10.1515/jber-2017-0006

J Biomed Clin Res Volume 10 Number 1, 2017

Original Articles

CHANGES OF SERUM CONCENTRATIONS OF ALKALINE
PHOSPHATASE AND METALLOPROTEINASE-9 IN AN
OVARIECTOMIZED WISTAR RAT MODEL OF OSTEOPOROSIS

Armine V. Grigoryan,
Aneliya A. Dimitrova,
Krasimir G. Kostov,
Adelaida L. Russeva*
Milena A. Atanasova*,
Alexander B. Blagev*
Tatyana M. Betova® '
Radoslav G. Trifonov+

Department of Pathological
Physiology,

Medical University — Pleven,
Bulgaria

'Department of Clinical Laboratory,
Medical University — Pleven,
Bulgaria

2Department of Biology,

Medical University — Pleven,
Bulgaria

3Department of Patholoanatomy,
Medical University — Pleven,
Bulgaria

4Student of Medical University —
Pleven,

Bulgaria

Corresponding Author:

Armine V. Grigoryan

Department of Pathological Physiology,
Medical University — Pleven

1, St. Kliment Ohridski Str.

Pleven, 5800

Bulgaria

e-mail: armineirqg@abuv.bg

Received: May 29, 2017
Revision received: July 07, 2017
Accepted: November 02, 2017

Summary

Osteoporosis is a systemic skeletal disease characterized by
decreased bone mass, destruction of the microarchitectonics
of bone structure and a high risk for fracture. One of the
criteria for altered bone homeostasis includes the changes
in serum levels of alkaline phosphatase (ALP) and the
activity of matrix metalloproteinases (MMPs). The purpose
of this study was to determine the serum concentrations of
calcium (Ca?"), phosphorus (P), magnesium (Mg*'), alkaline
phosphatase (ALP) and MMP-9 in ovariectomized rats. We
used 35 female Wistar rats at reproductive age (2 months)
divided into 2 groups: a control group (G1-SHAM) - 20
animals subjected to “false”™ ovariectomy and placebo-
operation, and an ovariectomized group (G2-OVX) — 15
animals subjected to bilateral ovariectomy. Blood was
collected from the abdominal aorta for testing levels of
Ca**, P, Mg*, ALP and MMP-9. No statistically significant
differences in serum concentrations of Ca®, P and Mg*
were found between G2 and G1 (p>0.05). The values of ALP
and MMP-9 in rats of G2 were statistically significantly
increased, as compared to G1 (p<0.05). The serum activity
of ALP, which is a marker for bone formation, was increased
in OVX-induced osteoporosis. Elevated serum MMP-9
levels in G2 confirmed the hypothesis that it is a marker for
osteoclast activity.

Key words: osteoporosis, MMP-9, ALP

Introduction

According to the WHO, osteoporosis is a progressive
systemic disease of the bone tissue, characterized by
decreased mass and deteriorated microartictonics of
the bone, leading to increased bone fragility and risk
of fractures [1].

There is a variety of causes of osteoporosis. It is
estimated that 10% of the human skeleton is annually
updated due to the controlled and regulated activity
of osteoclasts (Oc) and osteoblasts (Ob) [2]. The
pathological processes that disrupt the balance between
the activity of these two cell groups lead to increased
bone fragility and brittleness. During menopause or
after ovariectomy the level of estrogens falls and this
hormone deficiency contributes to the destruction of
the bones by activating osteoclasts [3, 4] and increased
expression of matrix metalloproteinases (MMPs) [5,
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Abstract: Magnesium (Mg?*) is an essential mineral for human health and plays an important
role in the regulation of glucose homeostasis and insulin actions. Despite the widespread clinical
evidences for the association of Mg?* deficiency (MgD) and type 2 diabetes mellitus (T2D),
molecular mechanisms by which Mgz" contributes to insulin resistance (IR) are still under discussion.
Mg?* regulates electrical activity and insulin secretion in pancreatic beta-cells. Intracellular Mg2*
concentrations are critical for the phosphorylation of the insulin receptor and other downstream signal
kinases of the target cells. Low Mg?* levels result in a defective tyrosine kinase activity, post-receptor
impairment in insulin action, altered cellular glucose transport, and decreased cellular glucose
utilization, which promotes peripheral IR in T2D. MgD triggers chronic systemic inflammation that
also potentiates IR. People with T2D may end up in a vicious circle in which MgD increases IR and
IR causes MgD, that requires periodic monitoring of serum Mg?* levels.

Keywords: magnesium deficiency; insulin resistance; type 2 diabetes; insulin secretion;
insulin signaling

1. Introduction

Insulin resistance (IR) is associated with an impaired biological response to insulin stimulation of
key target tissues, particularly liver, muscle, and adipose tissue. IR impacts glucose utilization,
resulting in a compensatory increase in beta-cell insulin production and hyperinsulinemia [1].
Progression of IR can lead to metabolic syndrome (MetS) and type 2 diabetes mellitus (T2D) [2].
According to the International Diabetes Federation, one in every 11 adults has diabetes and T2D
accounts for more than 90% of these cases [3]. Globally, 500 million adults are expected to have T2D by
2030 [4].

Magnesium (Mg?*) is the fourth most common mineral in the human body, after calcium (Ca?*),
potassium (K*), and sodium (Na+), and the second most abundant intracellular cation after K* [5].
Currently, enzymatic databases list over 600 enzymes for which Mg?* serves as cofactor and an
additional 200 in which Mg?* may act as activator [6]. Only 1% of the total Mg?* in the body is
present in extracellular fluids and only 0.3% is found in the serum [5]. The normal reference range
for Mg?* in the serum is 0.76-1.15 mmol /L. Magnesium deficiency (MgD) is a condition where the
serum concentration of Mg?* in the body is <0.75 mmol/L (1.8 mg/dL) [6]. Mg?" concentrations
=0.75 mmol/L may be considered as preclinical hypomagnesemia. Patients are considered frankly
hypomagnesemic with serum Mg?* concentrations <0.61 mmol/L (1.5 mg/dL). MgD can be present
without hypomagnesemia. However, hypomagnesemia, when present, is usually indicative of an
important systemic Mg?* deficit [7]. Signs and symptoms of hypomagnesemia usually occur when
serum Mg?* is decreased below 0.5 mmol/L (1.2 mg/dL) [7]. A number of factors can negatively

Int. . Mol. Sci. 2019, 20, 1351; doi:10.3390/ijms20061351 www.mdpi.com/journal/ijms
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Abstract: Hypertension (HTN) is one of the most prevalent diseases worldwide and is among the
most important risk factors for cardiovascular and cerebrovascular complications. It is currently
thought to be the result of disturbances in a number of neural, renal, hormonal, and vascular mecha-
nisms regulating blood pressure (BP), so crucial importance is given to the imbalance of a number of
vasoactive factors produced by the endothelium. Decreased nitric oxide production and increased
production of endothelin-1 (ET-1) in the vascular wall may promote oxidative stress and low-grade
inflammation, with the development of endothelial dysfunction (ED) and increased vasoconstric-
tor activity. Increased ET-1 production can contribute to arterial aging and the development of
atherosclerotic changes, which are associated with increased arterial stiffness and manifestation of
isolated systolic HTN. In addition, ET-1is involved in the complex regulation of BP through syner-
gistic interactions with angiotensin 11, regulates the production of catecholamines and sympathetic
activity, affects renal hemodynamics and water—salt balance, and regulates baroreceptor activity and
myocardial contractility. This review focuses on the relationship between ET-1 and HTN and in
particular on the key role of ET-1 in the pathogenesis of ED, arterial structural changes, and impaired
vascular regulation of BP: The information presented includes basic concepts on the role of ET-1 in
the pathogenesis of HTN without going into detailed analyses, which allows it to be used by a wide
range of specialists. Also, the main pathological processes and mechanisms are richly illustrated for
better understanding.

Keywords: endothelin-1; hypertension; oxidative stress; low-grade inflammation; endothelial dysfunction;
arterial stiffness; arterial remodeling; blood pressure regulation

1. Introduction

Hypertension (HTN) is one of the most prevalent socially significant diseases and is
among the most important preventable risk factors for other diseases [1]. The heart, brain,
kidneys, and peripheral arteries are often affected, which is a cause of early disability and
reduced life expectancy in patients [2]. This necessitates that the prevention and treatment
of HTN be among the top priorities of public health worldwide [3].

HTN is a heterogeneous disease with a complex pathogenesis. It is currently thought
to be the result of disturbances in a number of neural, renal, hormonal, and vascular mecha-
nisms regulating blood pressure (BP) [4], as crucial importance is given to the imbalance of
a number of vasoactive substances, some of which are produced from the vascular endothe-
lium [5]. The endothelium responds to humoral, neural, and especially hemodynamic
stimuli, and regulates platelet function, inflammatory responses, growth and migration
of vascular smooth muscle cells (VSMCs), and changes in the structure of the vascular
extracellular matrix [6,7]. In addition to these functions, it modulates vascular tone by syn-
thesizing and releasing a number of vasoactive factors that may have vasodilatory effects,
such as nitric oxide (NO), prostacyclin (PGly), and endothelium-derived hyperpolarizing
factor, and vasoconstrictor effects, such as thromboxane A, and endothelin-1 (ET-1) [8]. In

Life 2021, 11, 986. https:/ /doi.org/10.3390/1ife11090986

https:/ /www.mdpi.com/journal/life



13. Kostov K, Dimitrova A, Tisheva S, Ruseva A, Blazhev A, w#Adaova M,
Gospodinov K. C-reactive protein as a marker fow-frade inflammation in
hypertensive patients with and without type 2 diabemellitus. “Science and Youth”
2015, Plovdiv, 106-109. ISSN: 1314-9229

C-reactive Protein as a Marker for Low-grade
Inflammation in Hypertensive Patients with and
without Type 2 Diabetes Mellitus

Krasimir Kostov!, Anelia Dimitrova’, Snejana Tisheva’, Adelaida Ruseva’,

3

Milena Atanasova®, Aleksander Blazhev®, Konstantin Gospadinov"

'Department of Pathophysiology, Medical University — Pleven, Bulgaria

2Department of Cardiology and Rheumatology, Medical University — Pleven, Bulgaria
3Central Clinical Laboratory of University Hospital, Pleven, Bulgaria

‘Department of Biology, Medical University — Pleven, Bulgaria

e-mail: dr.krasi_kostovi@abv.bg

Introduction

Inflammation is recognized as a central
mechanism contributing to progression of
cardiovascular diseases (1). Recently,
chronic low-grade inflammation has been
identified as an integral part in the
pathogenesis of vascular disease.
Prospective clinical studies have shown that
systemic chronic low-grade inflammation is
associated with an increased risk of
cardiovascular events and mortality (2).

Low-grade inflammation localized in
vascular tissue is recognized as an
important contributor to the

pathophysiology of hypertension (3).
C-reactive protein (CRP), among other
systemic inflammatory mediators, has been
widely accepted as a potent risk indicator,
independently predicting future
cardiovascular events. The impact of CRP
on cardiovascular outcome has been
corroborated by a large number of
observational studies and meta-analyses.
These studies show, that an elevated CRP
has a clear prognostic value for major
cardiovascular and mortality,
whereas the lowering of CRP is associated
with a reduction in cardiovascular risk
(4,5). For example, plasma CRP levels are a
powerful predictor of ischemic

events

106

cardiovascular events (stroke, peripheral
vascular disease, sudden cardiac death and
myocardial infarction) in patients with
stable or unstable angina, and even among
apparently healthy subjects. Elevated CRP
levels appear to correlate with softer
plaques that are more prone to rupture (1).
Combining these findings with
experimental observations has lead to a
paradigm shift in which CRP is no longer
merely a marker, but is increasingly
considered as a mediator of cardiovascular
disease (4). CRP is a 115-kDa pentamer
expressed almost exclusively by
hepatocytes as part of the non-specific
acute-phase response to tissue damage,
infection and inflammation (1). The main
inducer of the response, however, is another
important  pro-inflammatory  cytokine,
interleukin 6 (IL-6). Interleukin 1 (IL-1)
and tumor necrosis factor-o (TNF-a), also
stimulate CRP releasing (6).

The idea that hypertension and
inflammation are somehow linked emerges
from the recent crosssectional and
prospective studies, showing that
circulating inflammatory molecules are
increased in hypertensive patients, and their
levels predict the onset of hypertension (7).
There is evidence in both human and
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Definition

Hypertension (HTN) is one of the most prevalent diseases worldwide and is among the most important
risk factors for cardiovascular and cerebrovascular complications. It is currently thought to be the
result of disturbances in a number of neural, renal, hormonal, and vascular mechanisms regulating
blood pressure (BP), so crucial importance is given to the imbalance of a number of vasoactive factors
produced by the endothelium.

1. Introduction

Hypertension (HTN) is one of the mast prevalent socially significant diseases and is among the most
important preventable risk factors for other diseases [X1. The heart, brain, kidneys, and peripheral arteries
are often affected, which is a cause of early disability and reduced life expectancy in patients 2!, This
necessitates that the prevention and treatment of HTN be among the top priorities of public health
worldwide (3,

HTN is a heterogeneous disease with a complex pathogenesis. It is currently thought to be the result of
disturbances in a number of neural, renal, hormonal, and vascular mechanisms regulating blood pressure
(8P) &), as crucial impartance is given to the imbalance of a number of vasoactive substances, some of
which are produced from the vascular endothelium (2. The endothelium responds to humoral, neural, and
especially hemodynamic stimuli, and regulates platelet function, inflammatory responses, growth and
migration of vascular smooth muscle cells (VSMCs), and changes in the structure of the vascular
extracellular matrix (812, In addition to these functions, it modulates vascular tone by synthesizing and
releasing a number of vasoactive factors that may have vasodilatory effects, such as nitric oxide (NO),
prostacyclin (PGly), and endothelium-derived hyperpolarizing factor, and vasoconstrictor effects, such as
thromboxane Az and endothelin-1 (ET-1) &) In HTN, the delicate balance between vasodilators and
vasoconstrictors is disturbed, leading to endothelial dysfunction (ED) with excessive release of
vasoconstrictor substances, such as ET-1 [2110),

ET-1 was first Isolated in 1988 by Yanagisawa and colleagues from the culture supernatant of porcine
aortic endothelial cells (ECs). It is composed of 21 amino acids and two intrachain disulfide linkages in the
molecule 24, Shortly after the discovery of ET-1, two other structurally similar isopeptides, named ET-2
and ET-3, were isolated 12!, ET-1 is the predominant isopeptide involved in regulating the cardiovascular
system, and vascular ECs are the most abundant source of ET-1. In addition to ECs, ET-1 is expressed in a
wide variety of cells including VSMCs, cardiomyocytes, fibroblasts, macrophages, epithelial cells in the
lungs and kidneys, neurons, and glial cells 43, The endothelins (ETs) are produced from their
corresponding approximately 200-residue prepropolypeptides that are encoded by three distinct genes.
These peptides are converted into inactive 38- or 39-amino acid intermediates called Big ETs (Big ET-1,
Big ET-2, and Big ET-3) by furin-like endopeptidase. The Big ETs are then activated via proteolytic
cleavage by the ET-converting enzymes (ECEs), ECE-1 and ECE-2 4! (Figure 1).

(1]
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NpOAYKUNSA HAa €HAOTeNHH-!, KOHTO e eaHH OT Hal-CHJIIHUTE OTKPHUTH OO MOMEHTA
BA30KOHCTPHKTOPH. C-peaKTUBHHUAT NPOTeHH e 0cTpoda3os 6enThK, KOATO Ce CHHTE3Hpa
OT XeNaTOLUUTHUTE NMOJ BL3ACHCTBHETO HA HHTEepneBKHH-6 (IL-6), uurepneskun-1b (IL-1b)
H TyMop HekpoTHu3upaul aktop-a (TNF-a) npu Be3nanenue.
Ien: HacTosworo uicneapaHe uMa 2a uen Aa npoy4m Bpb3kara Ha ET-1 u CRP cwe
€TENeHTa Ha apTEPHANHATAa XMNEPTSH3HA U Bb3NANHTENHUA CHCTEMEH U ChAOR OTrOBOP.
Meroan: Chopmupanu 6axa Tpu rpynu: | rpyna- 31 naunenra ¢ neka xuneprensms- J1X
(AH €”140/90 n d'160/100); I rpyna- 29 naurenTa ¢ Texka xuneprenans- TX (AH €160/
100); I rpyna-15 nuua, konrponHa rpyna- KI'(AHe”120/80 u d"130/85). ET-1 e onpenenen
upes ELISA kit na ,,Biomedika®, a CRP- upe3s uMyHOTYpOUAMMETPHUEH METO/] C IATEKCOBH
YacTHUH NMOKPHTH ¢ MOHOKIOHANHH aHTU-CRP aATtuTena. 3a aHanu3uTe € W3NOn3BaHa
cratHcTHuecka nporpama STATGRAPHICS.
Pesynratr n oGcpxaane: EkcniepHMeHTanuuTe NAaHHK OT H3CNEABAHETO MOKA3BAT, ue
cepymuuTe HuBa Ha ET-1 ca noBumenn npu aprepuannara xuneprensus (p<0,05), koerto
ZloKka3Ba ponsaTa My B TlaToreHesara Ha 3a6onspanero. CroHoctyTe Ha ET-1 B rpynarac
JIX ca no-Bucokn or Tesu npu TX, koeto nokazea, ye ET-1 urpae ocHoBHa ponna 3a
XHIEPTEH3MBHOTO CHCTOAHHE OLIE B HAYATTHHTE €Tany, NPen Aa ca HACTBLIMIK NPOLECHTE
na crabHaHo cbaoBo pemogenupase. CpenHure koHuentpaumu Ha CRP npu JIX u TX ca
3HAYHTEHO MOBHLLEHH, KOETO NMOTELPX/1aBa NATONEHETHYHATA BDPB3KaTa HA apTepHaliHara
XHNEPTEH3HA CbC CHCTEMHOTO M Ch/I0BO Bb3naneHue. Te ca Mmo-s8HCOKH MpH TALHEHTHTE ¢
JIX 8 cpaBnenue ¢ KI' (p<0,05) 1 Te3u ¢ TX, koeTo Noka3sa, 4e Bb3NATMTETHUAT NPOLIEC ©
AOMHHHPALL B paHHUTE CTAOUH HAa XHMEPTOHWYHaTa bonect.
KmouoBn aymu: apTepHaiina XHIIEPTEH3MA, EHIOTEMH- |, C-peakTHBEH NPOTEHH

Bemenenne. XunepTonuata ¢ MHoroakTopHo 3abonsBane, KOETO € CBLP3AHO C
NaTONOrHYHU MPOMEHU B HEPBHUTE, OBLOPEUHHTE, XOPMOHAHHTE M ChAOBUTE MEXaHHIMH
32 KOHTPOJ1 Ha KPBBHOTO Hansrase, Hal-paxHara perynaums ce ochbIUeCTBARA HA HUBOTO
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BJIHAHHUE HA MMPS BbPXY Cb/IOBATA CTEHA

Apmune 'puzopsin, Kpacumup Kocmos, Aneaus Jumumpoega
Kareapa ,®uznosiorus H naropusHosorusa”, aKy/iTer no MeMIHHa,
MeAHIMHCKH YHHBepCHTET - [LneBeH

MartpukcHute metanonpoterHasd (MMPs) ca yBenuuasaia ce ¢pamunns ot Zn- u Ca-
ChALPIKALLM EHIOTENTHAA3H CBC CXOAHH QYHKUMOHANHH JOMEHHH M MeXaHHW3bM Ha JeHcCT-
BHE CBBP3aH C PasrpakJaHe KOMIOHEHTHTE HA eKCTpaley.1apHus MaTpuke (ELIM).

CeprXeKcrnpecHsTa M NMoBULIeHaTa akTHBHOCT Ha MMPs, kakto u aucbananca Mexay
MMPs u ThkanHuTe UM uHXHOHTOpH (TIMPS) ce HabnroaaBa npu MHOTO (M3HONOTHYHH W
NaToJOrMYHK NPOMEHH, KaTO OPraHHO pa3BHTHE, 3apacTBaHE HA paHH, BB3MaleHHe, OHKOJIO-
ruuHM 3abossBaHus KU atepockieposa (1).

TToHacTOAILEM ca M3BECTHH 0K0JI0 28 pasnuyHd Buaa MMPs, knacuduumpaHnu B rpy-
N¥ crnopej BHAA Ha TMPOTEONMTHYHHA cyOCTpar, KOHTO Te pasrpaxaar. CeMedCTBOTO Ha
MMPs BratouBa: KonareHazu (MMP-1,-8 u -13), sxenartusazu (MMP-2 u -9), cTpoMeH3UHU
(MMP-3,-10,-11), matpunuzuan (MMP-7 u -26), Tun-memopanau MMPs (MMP-14.-15,-16,-
17 u MMP-23,-24,-25), enamenusunn (MMP-20), meranoenactasu (MMP-12) u apyru
MMPs (MMP-19,-21,-27,-28) (2).

Bcvuky MMPS HMMar cXojaHa CTPYKTypa: MpO-NENTHI, KaTalWTHYe€H AOMEHH M
haemopexin karo C-repMHHalieH JOMEHH, KOWTO OT CBOs CTpaHa € CBbP3aH € KaTaJuTHYHUs
moMeiin upes rbBKaBa Bpb3ka. MMPs ce cexperupar B aTeHTHH Npo(OpMH, H3UCKBALIH aK-
THBAIMA 33 NPeBPBLIAHETO UM B aKTHBHH eH3uMHU (3).

Perynaumsara na MMPs e W3K/IIOYMTENHO Ba)XKHa B 3[paBara ThbKaH, Thil KaTo cyej ak-
THUBHPAHETO MM, MOTAT HANBJIHO /ia PasrpaiiT BCUYKH €KCTpalenyiapHH KOMMoHeHTH. [lo-
paay Tasu NpUYHHA, AeHHOCTTAa HAa TE3W €H3WMM CE€ HaMHpa [0/ CTPOI KOHTPOJI, KOHTO ce
OCBIIECTBABA HA TPH HUBA: TPAHCKPHITIHSA, aKTUBALMA M CEKPELIUsA HA JIATEHTHH NPOCH3UMH,
M NPOTEOTUTHYHO HHXHOUpaHe.

Tpanckpunus

HMHULMKXpALLM CTUMYJIH 332 TPAHCKPHILIMSA C€ SIBABAT Pa3iM4YHU LUMTOKHHH H PACTEXHH
¢axropu kato: IL-1, PDGF (tpomGoumTeHn pactexxeH ¢akrop) u TNF-0, nokaro apyru, karo
nanp.TGF-B (tpancdopmupan pactesxxeH dakrop-B), XxenapuH u KOPTHKOCTEPOUAM UMAT HH-

xubuTopeH edext. MHOIO OT Te3M LUMTOKHHH M PACTEXKHM (PAKTOPH Ca BaXKHH MEJHAaTOpH,

-232 -
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MMYHOXHUCTOXMMHYHO M3CJeBaHe Ha eKCIpecudaTa
Ha eHJI0TeJIMH-1 B ab0OMMHHAaJ/JIHATA aopTa
MpU NMALMEHTH C aTepOCKJiepo3a
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BrnBeneHune

ATepockiepo3ara € MyJATH(PAaKTOPHO 3a-
OonsBaHe 3acArallo roJIeMMTe M CpeIHH Mo
pa3sMep apTepHuM, KCETO €€ HM3passsa B Jio-
KalHO OTNaraHe Ha JUIMHIM B apTepHanHaTa
cTeHa M (opMHpaHe Ha I1aKH, MPOSBHU HA
HCXEeMHUSI U/MJIM ThKaHHA HeKposa B oOnact-
Ta Ha 3acerHarure ydactbuu (1). Haii-
pa3snH4YHH €THOJIOTHYHH (aKTOpH BB3AEHC-
TBAT ¥ YBPEXKJAT HHTHMATA Ha Cb/Ia, KOETO
cTaBa fpeArocTaBKa 3a pa3BUTHETO HA aTe-
pockyiepo3ara. Chll(eCTBEHa PO 32 aTepo-
reHesara ce OTAaBa Ha AUcnunuaemMusra (2)
u enaorenHara auchynxuua (3), xato ot
3HAYEHHE € U OKCHIATUBHHUA CTPEC Ha Cb-
nosara creHa (4) v eb3naneHuero (5).

Enporemun-1 (E7T-1) e cpaoB nentup c
MOILIHO  Ba30KOHCTPUKTOPHO  JelcTBHe,
KOHTO ce mpoayuMpa OCHOBHO OT €HOOTEN-
HHUTE, HO ChIIO TAKa U OT IJIaJIKOMYCKYJTHH=
Te knetkd (I'MK) Ha cwaoBarta cteHa. Toii
ce oOpa3yBa OT HEaKTHBEH NpeIIECTBEHHK
o3nauen kato Big-ET-1. Bnarogapenue Ha
cneuugHuHa eHaorientHaasa npenpo-ET-1
ce npeepoiia Big-ET-1, a upe3 engoTenuH-
koHBepTupawusa exsum-1 (ECE-1), Heax-
tuBHua Big-ET-1 ce npespwuia B ET-1 (6).
OCHOBHHM aKTHBaTOpH 3a cuHTe3a Ha ET-1 B
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OopraHu3sMa c¢¢€ sABABaT XWUIIOKCHATA, XEMO-
AHMHAMMYHMSA CBAOB CTPEC, aHrHOTeH3MH I,
KaTexonaMHMHH, TpoMOuH, TpoMmOokcaH Aj,
okucneHute aunonporedHu (Ox-LDL) wu
ap. ¢akropu (7). Bcuuku Te BOAST 10 €H-
AoTeNHa AUC(YHKUUS W Bb3NalUTENIEH OT-
roBOp Ha ChAOBATA CTEHAa, KOHTO ce ABSBAT
OCHOBHHM TpHYMHH 3a CceKpeuusiTta Ha

ET-1 (3).

IMen u 3agaun

LlenTa Ha HameTo HU3cneABaHE € Ja ce
onpe,u,enﬂ
MmuyHara ekcnipecuss Ha ET-1 B abmommu-
Ha/IHaTa aopTa TMpH MalMeHTH ¢ 1 Oe3 are-
pOCKJIepo3a M Ja ce CPaBHH EKCIpPecHsTa Ha
ET-1 npi pa3znaMyHUTE €Tanu Ha aTepock-
HEPOTH‘-IHDTO paann'rue.

CTENEHTa Ha HMYHOXHCTOXMH-

MaTepunaau H MeTOAHM

3a eJHOTOAMIICH MEPHO/I Ca M3CJIeIBAHU
CEerMeHTH oT 26 Opos doBewwkd abaoMu-
HaJIHU A0OPTH HA MALUEHTH € pa3IH4YHH 3a-
OonsBaHMA B3€TH IPH ayTONCHUA A0 NETHA
yac caen cvmbprra B Karempa ,,Obma n
KIMHHYHA T1aTojorHa” — MeauuuHeku
yHuBepeutet, [Inesen. INpunoxenu ca py-
TUHHH XWUCTOJIOTMYHHA METOAH (XE€MaTOKCH-
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OcTteonopo3zara ¢ MHOorogakrTopHo 3abo-
NsABaHe, KOETO 3acsra CKelleTa M Ce Xapak-
TEepH3Hpa ¢ HaMajsABaHE HAa KOCTHATa maca,
pa3pylLiaBaHe Ha MHKpPOApXMTeKTOHHMKAaTa
Ha KOCTHATa CTPYKTYpa ¥ [OBHIIEH PHCK OT
tpaxrypu (1). Ilo nannu Ha CeeToBHaTa
3[paBHA OpraHM3anus, okono 70 muinnoHa
JIyuIn no ceeta uMat octeonoposa (1). IMo-
no6uu naHHu 2a EBpona couar, 4e 10
2040 roouHa OpoAT HAa NALMEHTUTE LIE Ce
yapoH (2). Eano oT Hal-TeXKHTE YCIOXK-
HeHWs Ha 3abonsiBaneTo ca (pakTypuTe Ha
GeapeHHaTra KOCT U rpeOHa4yHuA cTBI6 (3).
OcTeonopo3aTa ce Hapek[la Ha TPETO MsAC-
TO cpel HeuH(ekIHo3HHUTEe 3abonsBaHus,
clea ChpACYHO-ChAOBU 3a00MsiBaHHA H OH-
KONIOrMuHU npotaemu (4). OcobeHo cepro-
3eH e npo6nemMsT B Bearapus. ¥ Hac Bcaka
roJinHa ce perdcrpupar Hazj 90 xui. cuyn-
BaHHA B PE3yJITAT HAa OCTEOMNMOpPO3a.

OCHOBHUTE XOPMOHM, KOMTO PeryaHpar
KOCTHHS METabOMHM3BM Ca: MapaTXOPMOH,
KaJILUTOHHH, D3, creponnnun
KATo €CTPOreH M TeCTOCTEpPOH,

BUTaAMHH
XOPMOHH,
pacTe)XeH XOPMOH, THPOKCHH, KOPTH30I,
HHCYJIHH, HHCYJIMHONOAOGHHS pacTeKeH
dakrop (IGF-I) u ap. Bpoaenara nunca
WJIH TIpHAOOUTHAT AShULIMT Ha BCEKH €AUH
OT TE3H XOPMOHH MOKe [la 10BeAe 10 3ary-
GaTa Ha KOCTHAa CTPYKTYpa, BOJA€eLIa 10 pas-
BHTHETO Ha ocTeonoposa (5).

KnrousT KbM pazOMpaHETO HA MATOreHe-
3aTa Ha OCTEOIOPO3aTa € aHAJIM3BT Ha MpPo-
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Leca Ha KOCTHO pemojenupaHne. BeB Bpb3ka
C TOBA ¢ca HATPYMaHH AOCTATBYHO JaHHM 3a
Pa3BUTHETO HA [IPOLECHTE Ha KICTBYHO M
MOJIEKY/IIPHO HHBO, HO BCE OlIE JIMICBA
usiocTHa MHGopMauus 3a dakTopuTe, KOH-
TO peryiupaT KOCTHO peMojciupaHe TMpH
xopa (6).

KoctHata pe3opbuus 1 GopMHUpPaHETO Ha
KOCTA ca JBa B3aHMHO OasiaHCcHpalllH ce
npotueca npu 3apasu xopa. Pesopbuusita ot
OCTEOKJIACTHTE € MOC/eBaHa OT aKTHBUpa-
He Ha ocTreobnacTHTe M oOpa3yBaHe Ha OC-
TEOM/L, KOWTO 3aMbJBa KyXHHUTE 3a NMEpHOI
OT OKOJIO TpH Mecela. Korato cHHTE3BT Ha
MaTpulaTa € 3aBbplleH, ocTeobnacTure ce
BrpaskJaT B Hes M 3anousar aa ¢yHKuHo-
HMpar kato octeouutH. [Tocnegnure npo-
JBIDKABAT A MrpasT OCHOBHA poNsl B MHH-
LMHPAHETO Ha KOCTHOTO peMoenvpaHe
ype3 rnpeAaBaHe Ha CHUIHaJIM KbM 0cCTeoO-
JIaCTHTE M OCTEOK/JIacTUTE BBPXY KOCTHATA
nosbpxHocT (7). Caen 30-rogMinHa BB3-
pacT KOCTHaTa mMaca HaMalnsABa, a cjel Me-
Homnay3aTa 3arybata pnoctura o 15%.
B Hauanoro T8 ce ABIDKM Ha TMOBHUIEHA
KOCTHa pe30opOums, a rno-KbCHO Ha MNOTHC-
Hata ocTeobnactHa aktuBHocT. KaTto usano
€CTPOreHHHAT Ae(HUUT € €/IMH OT OCHOB-
HuTe (PaKTOPH 3a Pa3sBHUTHETO HAa OCTEOTO-
po3ara (8), BKJIIOUMTEIHO U MPU MIAJH #*e-
HH cJjie oBapueKkToMus (9).

INMocneann npoy4dBaHus [MOKa3BaT, 4¢ B

npouecuTe Ha KOCTHOTO peMOAcTHpaHe
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Peslome: Ocmeonopo3sama e npozpecupawo memaboaumHo 3aboanBaHe Ha ckeaema, koemo ce xa-
pakmepusupa ¢ HamansBaHe Ha kocmHama maca, paspywaBane Ha mukpoapxumekmonukama Ha kocm-
Hama cmpykmypa u noBuweH puck om ¢pakmypu. 3abonsBaHemo e wupoko pasnpocmpaHeHo cpeg
BuvapacmHOmMO HaceAeHUe, 0cobeHo npu XkeHu B MeHoNay3a, HO UMa U MHO20 CAy4Yau Ha No-paHHU ¢op-
MU Ha ocmeonopo3a. YgbaXkaBaHemo Ha cpegHama npogbakumeaHocm Ha XkuBoma u 3acmapaBaHemo
Ha HaceneHuemo yBeauyaBa 3Hayumocmma Ha moBa 3aboasBaHemo u BposA Ha nocmpagaAu om ocme-
onoposa. Borecmma 3aeMa mpemo MACMO cpeg copgeyvHo-cogoBume u oHkonozuyHU 3a6onsBaHus. B
HayaAHUMe emanu npomu4yaHemo Ha 6oaecmma e 6e3cUMNMOMHO U NOpagu masu NpuYuHa ocmeono-
po3ama e HapeyeHa ,muxama enugemus Ha Beka”. MpuyuHume 3a pazBumuemo Ha ocmeonopo3ama
ca pa3AauyHu. EgHa om max e HenpaBuaHomo xpaHeHe, koemo e kopezupyem pucko8 ¢pakmop 8 pasBu-
muemo Ha ocmeonopo3ama. HebaraHcupaHomo u HesgpaBocaoBHo xpaHeHe 8 gemcka u loHowecka
Bb3pacm e npegnocmaBka 3a pazBumuemo Ha 6oarecmma B no-HanpegHaa eman om XuBoma. BkalouBa-
Hemo 8 gHeBHusA nopuuoH Ha dpumoecmpozeHu (cogbpkaulu ce B cosma, peguua 3eAeHUyuU, 3bPHEHU
u 60608u xpaHu), kaauud cogvpkawu npogykmu u xpaHu, 6ozamu Ha mukpoeAemeHmu u BumamuHu
(uunk, maHzaH, MazHe3ul, BumamuH D) npu »keHu ¢ ecmpozeHeH gedpuuum Bu HAMaAUuAC UAU OMACKUAC
uznBama Ha 3aboanBaHemo.

Abstract: Osteoporosis is a progressive metabolic disease of the skeleton that is characterized by
loss of bone mass, destruction of bone micro-architecture and increased risk of fracture. The disease
is a widespread among the adult population, especially in postmenopausal women, but there are
many cases of earlier forms of osteoporosis. The extension of the average life expectancy and an aging
population are increasing the importance of this disease and the number of affected by osteoporosis.
Disease ranks third among cardiovascular and oncological diseases. In the initial stages course of the
disease is asymptomatic and because of this reason osteoporosis is called “the silent epidemic of the
century.” The causes of the development of osteoporosis are different. One of them is malnutrition,
which is a changeable risk factor in the development of osteoporosis. The unbalanced and unhealthy
diets in childhood and adolescence is a prerequisite for the development of the disease in an advanced
stage of life. Inclusion in the daily ration of phytoestrogens (contained in soybeans, some vegetables,
grains and legumes), calcium-containing products and foods rich in vitamins and microelements (zinc,
manganese, magnesium, vitamin D) in women with estrogen deficiency would reduce or postpone the
manifestation of the disease.

Ocmeonopo3zama e npozpecupawo MemaboAumHo
3aboasnBaHe Ha ckenema, koemo ce xapakmepusupa
¢ HamaaaBaHe Ha kocmHama maca, paspywaBaHe Ha
mukpoapxumekmoHukama Ha kocmHama cmpykmypa
u Bogu go noBuweH puck om ¢ppakmypu (17).

B kocmnama mukaH ce usBopwBa HenpekvcHam
npouec Ha pemMogeAupaHe NpU pasAuYHU $U3UOAOUY-
HU U NamoAOzuU4HU cbcmosAHuA. HapyweHnama pezy-
AayuAama Ha mosu npouec Bogu go pasBumuemo Ha
ocmeonoposa. 3abonaBaHemo HamansBa cuaama Ha
kocmume u egHoBpemerHo ¢ moBa me 2y6am mMuHe-

panHomo cu cogupikaHue, koemo npomens ckeaemHa-
ma cmpykmypa. B pesyamam Ha moBa kocmume cma-
Bam AecHo 4ynauBu, zpvbBHavHUAM cmbAG ce npeBuBa
u ce HapywaBa npaBuaHama cmouka (21).

CowiecmByBam mpu ocHoBHU HedapmakoroudHu
HauuHu 3a npeBeHuyus Ha ocmeonopo3sama: ¢usuuecku
ynparkHeHus, nogxogauw, xpaHumeneH pexkum u npuem
Ha xpaHumeaHu gobaBku. Hal-pasymHuam nogxog e
me3u memogu ga ce codemaBam (1). Mpu Hykga moxke
ga ce npunoXku u papmakonozudHo AeyeHue.

Mtozo BakHo e pegoBHomo npoBeXgaHe Ha onpe-
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ABSTRACT

Magnesium (Mg”") is the fourth most abundant cation in the human body and the second
most abundant intracellular cation. It is an important structural component of bone and soft
tissue cells. The strict control of blood Mg?" concentration is essential for many physiological
processes such as cell permeability, neuronal activity, neurotransmltter release, muscle
contraction, cardiac excitability, hormone receptor binding. Mg’ has a fundamental role as a
co-factor in more than 300 enzymatic reactions involving energy metabolism and synthesis of
nucleic acids. A persistent hypomagnesemia is associated with severe health risks and is
involved in the pathogenesis of type 2 diabetes mellmn; osteoporos1s heart and vascular
diseases. Therefore, the tight regulation of plasma Mg™" levels is of v1tal importance. Mg”"
h()meostasxs depends on three organs: the intestine, which determines M g”" uptake, bones that
store Mg®" and the kidneys, which are responsible for Mg*' excretion.

Key words: magnesium homeostasis, magnesium channel

INTRODUCTION

Magnesium (Mg®") is the fourth most abundant cation in the human body and the second most
abundant intracellular cation. Mg plays an essential physiological role in many functions of the
body: it is important for bone mineralization, muscle contraction, neuronal activity, control of
vascular tone, cardiac excitability, neurotransmitter release, hormone receptor binding and
transmembrane ion flux [22]. Intracellular Mg®" forms a key complex with ATP and has a key role
in many other important biological processes such as protein synthesis, cell replication, and energy
metabolism [14]. There are multifold clinical manifestations of an altered Mg”* balance.
Hypermagnesemia can cause neurologic and cardiac sequelae, including lethargy, confusion, coma,
complete heart block, and cardiac arrest. Hypomagnesemia is associated with a wide spectrum of
diseases, including type 2 diabetes, hypertension, osteoporosis and depressions [25]. Therefore,
controlling and maintaining magnesium homeostasis is of vital importance.

MAGNESIUM INTAKE AND DISTRIBUTION

The normal adult human body contains approximately 22-24 g magnesium [22]. About 60%
of the magnesium is present in the bones, 20% in skeletal muscles, 19% in other soft tissues, and
less than 1% in the extracellular fluids. Intracellular magnesium concentrations range from 5 to 20
mmol/l: 1-5% is ionized, the remainder is bound to proteins, negatively charged molecules and
adenosine triphosphate (ATP). Extracellular accounts about 1% of total body magnesium [20].
Approximately 55- 70% of plasma Mg®" exists in the ionized, free, physiologically active form,
which is important for its physiologic functions, 10-15 % is complexed with various anions such
as phosphate and citrate and 20-30% is protein bound. Of the protein bound fraction, 60-70% is
associated with albumin, and the rest is bound to globulins [11]. In healthy people, plasma
magnesium is carefully regulated within the narrow range of 0.7-1.1 mmol/l. In order to maintain
normal Mg”* levels, the recommended daily dietary allowance is 6 mg/kg/day. This means 400 to
420 mg/day for adult men and 310-320 mg/day for adult women [1]. The daily requirement is
higher in pregnancy, lactation and following debilitating illness. Magnesium intake depends on the
magnesium concentration in drinking water and food composition. High amounts of magnesium are
found in nuts, green leafy vegetables such as spinach and broccoli (which are rich in magnesium-
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ABSTRACT

Magnesium (Mg®") is the fourth most abundant cation in the human body and the second most common
cation in the intracellular fluid. The strict control of plasma Mg”" level is essential for many physiological
processes such as cell permeability, neurotransmitter release, muscle contraction, hormone receptor binding,
neuronal activity and cardiac excitability. It has a fundamental role as a co-factor in more than 300 enzymatic
reactions involving energy metabolism and synthesis of nucleic acids. Plasma Mg™" concentration is tightly
regulated by the dynamic balance and interplay between intestinal absorption, exchange from bone and renal
reabsorption. The kidney plays a central role in maintaining magnesium homeostasis. The majority of filtered
Mg is reabsorbed in the thick ascending limb of the loop of Henle by a passive paracellular transport, mediated
by tight junction proteins claudin-16 and -19. Their mutations result in increased urinary Mg®" excretion and
hypomagnesemia. The “fine-tuning” of Mg™* reabsorption takes place along the distal convoluted tubules where
Mg is reabsorbed by an active transcellular transport via transient receptor potential channel melastatin 6
(TRPMS6). This channel regulates the apical entry of magnesium into epithelia and alters whole-body magnesium
homeostasis by controlling urinary excretion. TRPMS6 is controlled by numerous factors and hormones at the
level of transcription, membrane expression, and function.

Key words: magnesium reabsorption, claudin-16/19, TRPM6, hypomagnesemia

INTRODUCTION

Magnesium (Mg®") is the fourth most abundant cation in the human body and the second most
common cation in the intracellular fluid. The precise control of plasma Mg®" level is essential for
many physiological processes such as cell permeability, neurotransmitter release, muscle contraction,
hormone receptor binding, neuronal activity and cardiac excitability [29]. Magnesium has a
fundamental role as a co-factor in more than 300 enzymatic reactions involving energy metabolism,
synthesis of proteins and nucleic acids [26]. In healthy people, plasma magnesium is carefully
regulated within the narrow range of 0,7-1,1 mmol/l. This article reviews the role of the kidneys in
magnesium homeostasis and also discusses genetic and drug-induced causes of renal Mg A wasting.

MAGNESIUM REABSORPTION ALONG RENAL TUBULES

Approximately 70 - 80 % of total plasma Mg?®* (20-30% is protein bound) is filtered in the glomerulus,
v which accounts about 2000-2400 mg per day. Under normal
conditions 95-97% of filtered magnesium is reabsorbed in
the renal tubules and only 3-5% is excreted in the urine
ie~100 mg [8]. 10-25% of the filtered magnesium is
reabsorbed in the proximal tubule (PT). The exact
mechanisms are not known, magnesium is believed to be
absorbed via passive paracellular transport, facilitated by the
increased intraluminal magnesium concentration, created by
water uptake via aquaporin 1 (AQP1) [27].
Mg** reabsorption mainly occurs in the late parts of the PT,
where the concentration gradient is sufficient to favor the
passive transport (fig. 1). Previous Na' reabsorption is

Figure 1. Mg*" reabsorption in PT.
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Abstract

Haemodynamic stress in arterial hypertension leads to increased produc-
tion of endothelin-1 (ET-1). Changes in the extracellular matrix are controlled
largely by methalloproteinase-2 (MMP-2) and methalloproteinase-9 (MMP-9)
which play an important role in vascular remodelling of hypertension. C-
reactive protein (CRP) is an acute phase protein which is synthesized by hep-
atocytes under the effect of interleukin-6 (IL-G) in inflammation.

The purpose of the study was to investigate the relationship of ET-1,
MMP-2, MMP-9 and CRP with the degree of arterial hypertension and the
systemic and vascular inflammatory response.

Three groups were formed: group I — 31 patients with mild hyperten-
sion (MH); group II — 29 patients with severe hypertension (SH); group III —
15 persons in a control group (CG). ET-1 was determined by ELISA kit of
“Biomedika”, MMP-2 and MMP-9 by ELISA kit of the “R&D Systems”, and
the CRP - through immunoturbidimetric method with monoclonal anti-CRP
antibodies. The analysis used the statistical program STATGRAPHICS.

This study was supported by Grant No 1/2012 of the Medical University of Pleven.
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ABSTRACT

The role of endothelin-1 (ET-1) in arterial hypertension has been established through
measurement of its serum levels. Although some studies have demonstrated an increase of ET-1
in hypertensive patients, others show normal or lightly elevated levels. In patients with type 2
diabetes mellitus (T2DM), the disease is often combined with arterial hypertension, which leads
to a more severe complications of diabetes. ET-1, which is a powerful vasoconstrictor with
proliferative, profibrotic and proinflammatory properties, may contribute through various
mechanisms to the development of diabetic vascular diseases and hypertension. Furthermore
ET-1 causes a reduction in insulin sensitivity and may so participate in the development of the
metabolic syndrome. The objective of the study was to compare the serum concentrations of
ET-1 in patients with mild and severe degree of arterial hypertension with and without T2DM
with those of normotensive individuals without DM. The survey results show that in patients
with arterial hypertension with and without T2DM, the levels of ET-1 are higher than those of
the control group. The average levels of ET-1 in patients with arterial hypertension with T2DM
are significantly increased compared with those in patients with arterial hypertension without
DM.

Key words: endothelin-1, arterial hypertension, type 2 diabetes mellitus

BBBEIEHHWE

XeMOAMHAMHYHHUAT CTPEC MPH apTepHaHa XMIIEPTEeH3Hs BOJAM 10 MOBMINEHA TPOLYKLIHS Ha
ET-1, xkoiiTo e eauH OT Hal-CHIHMTE OTKPHTH 10 MOMEHTa Ba3oKoHcTpukTopH [4]. Herosorto
Aeiicreue e ot 30 10 S0 bTH NMO-CUITHO OT TOBA HA HOpaJpeHanuHa u anrnotensun [ (AT [1] u
Mexkay 8-110 nwTh no-cnabo or tosa nHa yporensun II (U-II) [8,9]. Tenepupa ce ocCHOBHO OT
eHaoTenHUTe K1eTkH. Konuentpaununte Ha ET-1 B cbaosara crena ca Haa 100 nbTH No-BHCOKH OT
UHMpKyIHpangiTe My nuasmeHd HUBa. Taka ET-1 seficTBa ocHOBHO KaTO aBTOKpHHEH/MapakpHHEH
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ABSTRACT

The prevalence of hypertension is increasing worldwide and heart failure as a result of
hypertensive heart disease, would soon be become the most common cause of heart failure.
Search for suitable biomarkers of inflammation and fibrosis, can identify these patients who are
with higher risk for progression from latent to symptomatic heart failure. Timely detection and
treatment of these patients would reduce the future cardiovascular risk, earlier debilitating
condition, and the costs of hospitalization, medical cares and expensive therapy. Such
biomarkers in patients with arterial hypertension may be: ET-1, CT-1, Gal-3, MMP-1 and

TIMP-1.
Key words: arterial hypertension, endothelin-1, cardiotrophin-/, galectin-3, MMP-1, TIMP-1

YBOJ
PaznpocTpaHeHneTo Ha apTepHaliHaTa XMIIEPTEH3Hs C€ YBe/lHYaBa B CBETOBeH Mawab u
chbpJeYyHara HEOCTATBYHOCT BCJCACTBUE Ha XMIEPTEH3MBHHTE CHpPACYHH 3abonaBaHusA

(hypertensive heart disease- HHD), ckopo me ce npeBbpHe B Haii-yecTara NPUYMHA 3a ChpJeyuHA
HepoctaTbyHocT (CH). TepceHero Ha moaxoasmu OMOMapkepH Ha BbB3NAJUTENHHS MPOLEC H
nocnejpamara ¢pubposa B CbAOBETE H ChPLIETO, MOXKE JIa HASHTU(HIIMPA Te3H NAaLHEeHTH, KOUTO ca
C Haii-BMCOK pHMCK 3a nporpecus oT naTeHTa kbM cuMmnroMHa CH. CRoeBpeMeHHOTO OTKpHBaHe u
JEUeHHEe Ha Te3M MNaUMeHTH Ou Hamanuno ObAeLIMS CBbPAEYHO-CBHIOB PHUCK, PAHHOTO HM
HMHBAIMIH3HPaHe, KAKTO U PasXOJMTe 33 XOCMHTAIH3ALMA, MEAHLIMHCKH FPHXXH M CKBIIO CTpPYBalla
Tepanus. Benpeku BaxHocTTa Ha npobiema, TbpceHeTo Ha  cneuvgpuuHu OWOMapKepH mnpu
aprepualiHa XWIIEPTeH3Msi M30CTaBa B CpaBHeHHe c Japyru 3abomnsBanus. OnpeneneHHeTo Ha
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Kateapa ,PHu3uosiorud 1 natropusnonorusa”,
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L EHgﬂTBJIHHII H TEXHHTE ﬂaTDiHZHDJ!()[‘H‘IHH EQEKTH BLPXY pPa3IHYHHTE OpraHd H

CHCTEMH.

1. Engorennnn.

[Tpe3 1985 r. Hikey 1 cbTp. myGnuKyBaT A0K1a/, KOHTO ONMCBA ChIIECTBYBAHETO HAa CH-
JoTeNeH KoHTpakTHieH dakrop. Bnocnencreue Masashi Yanagisawa u Hiroki Kurihara, 3a-
enHo cbe Sadao Kimura n Katsutoshi Goto, 3anousar paboTa no M307MpaHETO HAa TOBA Be-
mtecTBo. [1pe31988 r. To3u dakTop e ycnemHo NpevyucTeH H HAEHTHOHLHPAH, KaTo HOB Mern-

THA 03HaueH ¢ HaumeHoBaHueTo - EHJIOTEJIMH, nopaau eHpoTenHus cu npousxo.(1, 2)

@uz. 1. Cmpykmypa na ET-1
ET-1 chubpka 21 AK u 2 qucynduanu Bpe3ku Cysl-Cysl5 u Cys3-Cysl |1,
KakTo u xuapogoden C-repmunan Trp 21.

Cemelicmgomo «a eHOOMeIUHUMe GIIIOY6a MPU UOGOPMU, KOUMO Ce O3HAYABAM KAMO
ET-1, ET-2, ET-3, cvcmosm ce om 21 avunoxucenunu u cwowpicam no 06e oucyigruonu
apv3ku 6 Monexyrama cu.(¢pue.1) ET-1 e ¢ Monekynno Terno 2492 D u ce koaupa OT reH,
KO#TO ce HamMpa B Xxpomo3zoMa 6. Koaupamusr ren Ha ET-2 ce Hamupa B xpomo3soma 1. ET-2
cBABpKA ABe 3amecTBaHus Ha AK u uma 90% xomonoxuHM nocneaoparenHoctd ¢ ET-1. Ko-
aupalnHaT red Ha ET-3 ce Hamupa B xpomosoma 20. ET-3 cbabpika IecT 3aMecTBaHHUs Ha
AK 1 uma 71% xomonosxan nocnenoparenHoctd ¢ ET-1 u ET-2.

Haiji-BakHo 3HaYeHHe OT TPHTe eHjoTeanu nenTtuaa uMa ET-1. (3, 4)
Enporenun-1 e Hali-MOLIIHHAT Ba30KOHCTPUKTOP OTKpUT nocera. Herosoto aeficteue € ot 30

710 50 MBTH MO-CHJIHO OT TOBa Ha HopaapeHainHa U aHrHoTeHsuH II (ATII) (5). I'enepupa ce

-223-
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BobBeaenue

XuneproHuaTa € mMHorogaktTopHo 3abo-
NsiBaHE, KOETO € CBBP3aHO C MATOJIOTHYHH
MpPOMEHH B HepBHUTe, 6BOpeyHuTe, XOpMO-
HaAJIHUTE M CBOOBHUTIC MEXaHHM3MH 3a KOHT-
poll Ha KpBBHOTO HansraHe. Haii-saxnara
perynauus ce€ OCbLUECTBSIBA Ha HHMBOTO Ha
CHAOOTENAa 4pe3 OTACIISIHE Ha Bazoaujiatarop-
HHU (azoTreH okcua — NO, NpocTauMK/IHMH —
PGl., endothelium-derived hyperpolarizing
factor — EDHF) ¥ Ba30KOHCTPHKTOPHH Be-
mecTBa, kKaro: eHporenuH-1 (ET-1), TpoMm-
6okcaH Az (TxA:), anruorensus Il (AT II).
Hapymenust 6anaHc Mexay TsX, BOAM 10
TpaiiHO MOBHLIABAHE Ha CBbAOBMA TOHYC H
CTPYKTYPHH NMPOMEHH B chaoBaTa cTeHa (1).

XeMOaAMHAMHMYHUAT CTPEC BOAM A0 MO-
BHILIeHA npoaykuus Ha ET-1, ko#dito e eaun
OT HaW-CUJIHUTE OTKPHUTH OO0 MOMCHTa Ba-
30KOHCTpUKTOpHU. Heroporo nedicrBue € oT
30 no 50 MbTH NO-CUJIHO OT TOBA Ha HOpal-
penanuHa 1 AT 11 (2) n mexay 8-110 nmeTH
no-cnado ot ToBa Ha yporeH3uH II (U-1I)
(3, 4). I'enepupa ce OCHOBHO OT €HAOTE-
Hute Kietku. KoHuentpauuute Ha ET-1 B
cbaoBata crteHa ca Hana 100 nmeTH mo-
BMCOKHM OT UMpPKYJIHpAalIUTE MY IJIa3MEeHH
HuBa. Taka ET-1 pgefictBa OCHOBHO KaTo
aBTOKpMHEH / napakpHHeH TMeNnTH, a He

85

Karo LUpKyaupan] xopmoH (5). OceeH B
eHnorena, ET-1 ce npousBexna B cbpLETO,
OBOpeumTe, HanOBLOpeuHaTa kne3a, 3a0HUS
asn Ha xunodwuzara 1 LIHC, makap u B U3-
KJTFOUMTEIHO HUCKH KOHLIeHTpauuu (6).
ET-1 B3zaumopeiicTBa ¢ ABa THNa €HOO-
TenuHoBH peuentopu: ETA u ETB. Te
npeacrasasasat G-protein ¢cBbp3aHM TpaHC-
MeMOpaHHH OeaTbuH. Bb3 ocHOBa Ha cBOM-
Te in vivo dapmakonoruyHu edexru, ETB-
peLenTopUTOpUTE ce Krnacupuuupar B ABa
nmoaruna — ETBI u ETB2. ETA-
PELENTOPUTE C€ eKCrpecHpaT NpeauMHO B
CBhAOBHUTE INMaJKOMYCKYJIHH KJIETKH WU Kap-
auomMuouuTuTte. EdexkTtuTre CcBBp3aHHM C
ETA-peuenropa BOAAT A0 3acHICHA Ca®*
MOOHIH3ALHSA B INMAAKOMYCKYJ/IHUTE KINETKH
Ha CBAOBETE M Ba3oKoHcTpukima. ETB-
pEeLIENTOPUTE C€ EKCIPEeCcHpaT HNPEeIHMHO
BBPXY Ch/JOBHUTe eHAoTenHH kieTkH. ETB-
peuenTtopHara CTHMYNaLHs M no-
crienuanHo Tazu Ha ETB1 — peuenrtopa,
aKTHMBHMpa CHrHAJHH MBTHILA, KOUTO BOAAT
no ocBoOoxiapaHe Ha peniakcupatny gax-
Topu kato NO, PGI2 u EDHF (1,2).
ETB2 — cBbp3aHHUAT OTrOBOp € Ba30KOHCT-
pukuMs, noaodHo Ha gedcrBuero na ETA
peuenTopa. Ilpe3 nocneaHWUTe TOAWHH ce
HATpyrnaxa M HeONpPOBEPXXHMH J0Ka3aTeJic-
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Bueenenune

Maruesuar (Mg?") e
PpasnpocTpaHeH BhTPEKIEThYEH KATHOH M €
kocdakTop B Han 300 eH3HMHH peEakIHH.
Y4yacTBa B MHOXECTBO TIPOLECH peryivpa-
M chpHOevHO-chAoBaTta ¢GyHkumns (1.2).
Ilpu HOpMandHH (U3HOIOIHYHH YCIOBHS
HHUBaTa Ha Mgz* B cepyMa ce MoIbp>XaT B
rpaHHLIATE Ha TeceH pedepenTen
nuanazod — 0,7 go 1,1 mmol/l, koeto ce
OCBIUECTBIBA 4Ype3 CTPOr KOHTPOJ BBbPXY
cToMaluHo-4ypeBHaTa abcopbumns u 6eOpeu-
HaTta MYy cekpeuus (1). Manku npomeHu B
€KCTpauesylapHaTa MW HHTpaueiyjiapHaTra
Mg?" koHUeHTpalLMs MOXe Ja HMAT 3HauYH-
TeneH edeKkT BBPXY CBAOBHS TOHYC, ejac-
THYHOCT MW pactexk (3). MarHesueBusT
TPaHCMOPT €€ OCBIIECTBABA 4Hpe3 JBa OC-
HOBHHM MeXaHH3Ma — TpaHCLeJyJIapeH u mna-
pauenynapen (4). TpaHcuenynapHUsT TpaH-
CHOPT BKJIOYBA MH(IYKCHH M edIIyKCHHU
TpaHcnopTHu cucTeMu. Mg?' nubnyke ce
KOHTPOJIMpa OT PEMLA TPAHCIOPTEPH, Ka-
TOo Mrs2p, SLC41A1, ACDP2, Mag TI1,
KakTO M OT CreLMa. 1M3MpaHd KaTHOHHH Ka-
HalH TRPM6 wu TRPM7 (transient
receptor potential melastatin -6 u -7 cation
channels) (5). TRPM6 ce ekcripecupa
rnasHo B ObOpeuurTe M LEKyMa, KbAETO pe-
rynupa Mg®* peaGeopGums. TRPM7 ce ex-
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cripecupa NMOBCEMECTHO M HEroBara JIMIICA €
neranHa (1). Mg?" ednyke ce ocwinecrssna
ype3 Na -3aBucumu u Na'-He3aBHCHMH Nb-
trua (5). B Mg?' Tpancniopr yuacTBaT M
Na'/Mg®" u Mg>/Ca®" nomna (1). INapaue-
JIyIapHHUST TPAHCIOPT Ha Mg?" e nacueen
npoLec, KOMUTO ce OChUIeCTBSBA Mpe3 IIbT-
HUTC MEXAYKIETBYHH KOHTAKTH Ha CIlH-
TEJIHUTE KJICTKH B MHTECTHHANHHS TPaKT H
ObOpeunTe. ToH 3aBMCHM OT CHELHAJIIHH
CTpYKTYpHM GenTbuu — KnayauHu. UpesHo-
TO yCBOsIBAHE Ha ng € CBBP3aHO ¢ OTHO-
CUTEJIHO HHCKaTa eKclpecHs Ha .3aTdra-
m” knayaunu 1, 3,4, 5 u 8. B 6u0peunTte
napauenynapuusa Mg®™ TpaHcnopr 3aBucu
OCHOBHO OT KnayauHu 16 (paracellin-1) n
19 (4).

IIpoMennTe B HHBATa HAa Mg
Aa JoNpHHecAT 33 NaTo(H3H0JI0ruATa Ha
xuneprensuara (3). Mger Hrpae BaskHa
poisi B peryJjalHsiTa Ha apTepHAJJHOTO
HaJfAraHe, KaTo MOAYJ/JHpa CbLIAOBHS TO-
HyC M peakTHBHOCT (6) upe3 pa3IHUYHH

Morar

MeXaHH3IMH:

1) Hapywenusta zHa Mg?'
MOTAT Ja Tpeapasno/iokaT KbM pa3BUTHE
HA XMMEPTEH3Us M MOCAEABALUN CbPASYHO-

cbaoBu 3abonapaHusa (5). Makap u ocKba-
HHU, JaHHUTE JOKNaaBaHH A0 MOMEHTa Io-

Ka3paT MOTECHLMANHATa peryiaTopHa poJis

TpaHcnopr
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CEPYMEH MATHE3UI (Mg>) H MATPUKCHU METAJIONMPOTEUHA3H-
2 U -9 (MMP-2 1 MMP-9) IIPHU I[TALIIMEHTH C JIEKA 1 TEXKA CTEIIEH
HA APTEPHUAJIHA XUIIEPTEH3UA

K. KoctoB'!, A. I'puropsan', A. umurposa', C. Tumesna?, A. Pycesa’,
P P
M. Aranacosa‘, K. Iocnmoaunos?, A. Baaxes!
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Pezwome

Bneegenne: MarHesusT € €CTECTBEH aHTArOHUCT Ha HoHuTe Ha Kanuusa. Tol moaynvpa
CBHJIOBHSA TOHYC H PEaKTHBHOCT Hpe3 MpoMAHA Ha OTroBOPUTE KbM peaunla
BA30KOHCTPUKTOPHHM M BAa30/MNATATOPHHU areHTu. B cbppaeuno-chAOBaTA CHUCTEMA
MPOMEHUTE HA EKCTPaLENYIapPHIs MATPUKC C€ KOHTponnupaT oT MMPs 1 TeXHUTE ThKaHHH
unxuburopu- TIMPs. MMP-2 | MMP-9 u TIMP-1 urpasT paxkna poJst 3a Ch10BOTO
peMoaeTupaHe [pH XUIMePTEH3HA.

Ien: HacToamwoTo U3cieaBaHe HMa 3a 1€l Ja NpoyyH CepyMHHTE KOHUCHTpaluu Ha Mg,
MMP-2 1 MMP-9 npu nauMeHTH ¢ pa3nyi4yHa CTEIEeH Ha apTeprHanHa XUIepTeH3Hs.
Metoan: Chopmupanu 6axa Tpu rpynu: | rpyna- 31 nauueHTa ¢ Jieka XHUnepTeH3ns (JIX);
II rpyna- 29 naunenTa ¢ Texka xuneprensus (TX); [Tl rpyna- 15 3npaBu JiMua, KOHTPOJIHA
rpyna (KI'). MMP-2 u MMP-9 ca onpenenenn upes ELISA kit na .R&D Systems®, a
cepyMHMAT Mg~ upes KOJIMYECTBEH KOJIOPUMETPHUCH METO/L. 32 aHAIM3HTE € U3I0/T3BaHA
cratucTHuecka nporpama STATGRAPHICS.

Pesyararn: YCTaHOBH Ce, Y€ CHLIECTBY BT CTATHCTHYSCKH 3HAYMMHU PA3/IMKH B CEPyMHHUTE
KOHLeHTpaiuu Ha M2 (mmol/l), mexay JIX cnpamo KI™ (p=0,0145) n mexcy JIX cnipsimo
TX (p=0,0187). Ima C'bIO CTATHCTHUECKH 3HAYMMHE PA3JIMKKA MEXK/Y KOHUCHTPAUMHTE Ha
MMP-9 (ng/ml) npu TX cnpsimo KI™ (p=0,0010), kakTo 1 mexcay JIX cnpsamo TX (p=0,0006).
ComecTByBa of6paTHa KOpPeJIallMOHHA 3aBUCHMOCT MEX/Y HMBaTa Ha cepyMHMs Mg? n
MMP-2 B rpynara ¢ TX (p= 0,0340).

O6cbkaane: CepyMHHTE KOHLEHTpauru Ha Mg?' ca no-BHCOKH Npu nauueHTure ¢ JIX u
TX B cpaBnenue ¢ KI. Hupara na MMP-9 namanasar ¢ HapacTBaHe CTeNeHTa Ha
XHUMEPTEH3HATA B CIICAHMS NOPAIBK: KI>JIX>>TX, kato npu TX Te ca NOHMIKEHHU NOYTH
nBoiiHo B cpasHenue ¢ KIm. MMP-2 He nokassa cnetlu(pvuHu NMPOMEHH I1PH Pa3IHYHHTE
CTereHH Ha XUITepTEH3 M.

KJII090BH IyMH: apTepHaiHa XHIEePTEH3Us, MarHe3ui, MeTanonporeunasu -2 u -9
Bbeeaenune. MarHesusiT € BTOPUAT HaM-pasnpocTpaHeH BBTPEKIEeTbY€H KATHOH B
opranunsma u e kodakrop B Haa 300 eH3UMHU peakuyn.Y4acTBa B MHOMKECTBO MPOLIECH



