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Introduction

It is known that the older age is an independent non-modifiable risk factor for the development of cardiovascular pathology. An important role in the development of cardiovascular pathology in the older age is played by age-dependent changes in the structure and function of the endothelium [1]. The deterioration of the functional state of the endothelium an important role in the development of vascular pathology. Literatura suggest that endothelial dysfunction is a factor that precedes vascular pathology and provokes its development [2,3,4]. It was found that endothelial damage is a pathogenetic link of diseases of the cardiovascular system. Thus, changes in the endothelium of endocardial micro vessels lead to a decrease of myocardial fibers contractility [5], a clear relationship of pressure in the left ventricular cavity from nitric oxyde NO synthesis [6]. Endothelin-1 has been shown to be an autocrine-paracrine factor in the development of myocardial hypertrophy [7,8].

The leading role of the endothelium in the formation of mechanisms of ischemic preconditioning in the development of ischemia/reperfusion is defined [9]. Suwaidi and his colleagues [10] found, that in patients with impaired endothelium-dependent vasodilatation, destabilization events occur 2-3 times more frequently than patients with a relatively preserved function of the endothelium. Similar data are given by Matsuzava [11,12] & Widmer [13] and other. A disturbance of the endothelium of the microvascular of the myocardium is an indicator of an increased risk of heart attack and sudden death. Also shown the leading role of the endothelium in the development of ischemic coronary syndrome with unchanged coronary arteries [14]. Thus, the disturbance of the functional state of the endothelium is a risk factor and the leading pathogenetic mechanism of the development of vascular pathology, and not only atherosclerotic genesis [7,8,15]. However, studies on age-related changes in the endothelium primarily address certain aspects of this issue [5,16]. At the same time it is important to study the different functions of the endothelium in each examined man. Considering this, in this work we have studied the functional state of the vascular endothelium in healthy older adults in comparison with younger healthy adults.

Material and Methods

Were studied healthy people of different ages: 30 people aged 60-74 years and 28 people aged 30-44 years. Selection in the groups was carried out on the basis of an anamnesis, the data from current clinical, instrumental and laboratory examinations. The patients were examined in the department of cardiology of the Institute of Gerontology. Clinical examination included: collection of complaints, anamnesis, visual examination, auscultation. Instrumental methods of examination included: ECG, X-ray of lungs, ultrasound of abdominal cavity organs, echocardiography, transcranial vessels doppler with estimation of intima-media thickness, 24-hour ECG monitoring, treadmill test. Laboratory methods: general analysis of blood, urine, biochemical blood test, glucose level, lipidogram, markers of inflammation, electrolytes.

A group of healthy people aged 60-74 years included people who have been observed at the Institute of Gerontology for more than 10 years (recruitment of patients into groups occurred in the period 2016-2017). According to the results of a thorough examination, they had physiological changes corresponding to age and hadn't acute and chronic diseases of any etiology. The second group included volunteers aged 30-44. According to the results of the clinical and instrumental examination, they hadn't had any diseases.

The study of the functional state of the endothelium was carried out using laser Doppler flowmetry on the Transonik apparatus (USA) according to the method developed by Zharinova (Lishnevska) V, Duzak G (patent No. 2001074868). Was estimated the volumetric velocity (VV) of the skin's blood flow in the region of the middle third of the inner surface of the forearm in the initial state, and also after the functional test with reactive hyperemia.

The amount of NO was evaluated based on the determination of the stable NO2 metabolite (nitrite anion) using a Griss reagent by the method of Green et al. [17]. The content of prostacyclin (6-ketoPG-F1), thromboxane A2 (TxB2), in blood plasma was determined by immunoassay using ELISA KIT, RDS, UK (Lot 02K016C И 03T010A). The level of interleukin (IL) 1β, 4, 6, and tumor necrosis factor (TNF-α) was studied by enzyme immunoassay using Pro Con immunoassay test systems (OOO "Proteonovycontur", Russia). The level of P-selectine was studied using immunoassay test systems the sP-select in ELISA KIT, Bender Med Sus (Austria) (Lot 936013) and level VCAM-1was studied using immunoassay test systems VCAM-1 ELISA KIT, Diaclone (France) (Lot 834313). The level of VEGF in the blood serum was determined by the method of enzyme immunoassay(IFA) for an additional set of reagents in the Bender Med Systems GmbH (Austria). The received data were processed with the help of the computer program "Excel1" and Statistic-8.0.

Results of the Study

The results of this study showed that the maximum the volumetric velocity of the skin's blood flow at the peak of reactive hyperemia in the older adults is lower than in younger adults. Older adults had a long latent period prior to the start of the reaction, the duration of the reaction is reduced (Table 1). The reason for the reduced maximum volume flow velocity is a disruption of the ratio of endothelial vasoconstrictors and vasodilators. According to the received data, the level of stable metabolite NO-NO2 in older adultsis reliably reduced (16, 71, 3nmol/l in group 30-44 years and 8, 4+1, 1nmol/l in group 60-74 years, p<0,05) and 6-ketoPG-F1(232, 8+16, 1mmol/l in group 30-44 years and 184, 4+11, 2mmol/l in group 60-74 years, p<0,05). At the same time, in the plasma of the older adults the level of endothelin-1 and tromboxan A2 is increased-endotelin-1 -4, 1+0,2pmol/l in group 30-44 years and 6, 2+0, 2pmol/l in group 60-74 years, p<,01; and thromboxane A2- 265, 1+21, 3mmol/l in group 30-44 years and396, 4+19, 5mmol/l in group 60-74 years, p<0.01(Table 2). 


Table 1:   Change in the volumetric velocity of the skin's blood flow in healthy people of different ages when carrying out a test with reactive hyperemia.
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Table 2:   Age differences in the level of individual vaso active substances synthesized by the endothelium.
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A sing of impaired protective function of the endothelium in older adults is a decrease in the level of anti-inflammatory cytokines (IL-4-42, 5+1,1pg/ml in group 30-44 year and 37, 3+1,4pg/ml in group 60-74 years, p<0,05) and an increase in the level of adhesive molecules (sVCAM - 768,5+24,6ng/ml in group 30-44 years and 1243, 7+15, 1ng/ml in group 60-74 years, p<0,05; P-selectin40, 7, 5+6,6ng/ml in group 30-44 years and 93, 7+8, 1ng/ml in group 60-74 years, p<0,05). These adhesion molecules characterize the degree of interaction of the endothelium with leukocytes and platelets (Table 3). In addition, an important role in the rupture of the endothelium is a property of increasing the level of TNF-α (Table 3). Interesting data were obtained when studying the level of VEGF. It was shown that in healthy older adults there was an increase in VEGF compared to groups of younger adults which may be related to the need to maintain normal perfusion in conditions of age-dependent changes in metabolism of organs and tissues (Table 4). Thus, the results obtained indicate a disruption of vasomotor, synthesizing, antithrombotic, anti-inflammatory endothelial functions in aging. These changes in the functional state of the endothelium are, of course, an important prerequisite for development of vascular pathology in the elderly and require further study in order to develop ways to correct endothelial dysfunction as one of the ways of preventing cardiovascular diseases in the older age group.



Table 3:    The level of interleukins, TNF-α adhesive molecules in the plasma of the examined people.
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Table 4:    The level of VEGF in the serum of blood of the examined people.
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Discussion

The aging process introduces significant changes in the functioning of various organs and systems of the human body [13]. As evidenced by the data obtained during the work, significant changes are also taking place in the endothelium during aging. An important reason for the disruption of the vasoactive function of the endothelium during aging may be a change in the morphology of the endothelial cells, a violation of the energy and reparative processes in them. Although endotheliocytes are a short-lived, self- renewing cell population, there are data on significant changes in the morphology of cellular systems during aging-a change in the structure and function of mitochondria, the lipid and fatty acid composition of cell membranes, and the configuration ofthe receptor cell proteins [15,18,19]. This leads to a change in the functional capabilities of cellular systems, including endotheliocytes. 

It is known that one of the most important substances synthesized by endothelium is the endothelial relaxation factor (NO). NO inherent in vasodilatation, anti-adhesive, anti-inflammatory and antioxidant properties [4,16,20]. Therefore, the obtained data on the disturbance of the ability of the endothelium to synthesize NO is very important. The results of our study are consistent with the experimental data showing that the ability of the endothelium to synthesis of endothelial relaxation factor decreases with age [6,21]. Evaluation of the state of the prostacyclin/thromboxane system has made it possible to evaluate the ratio of humoral vasodilators and constrictors in the blood plasma of the elderly and to obtain additional information on the state of the endothelial vasorelaxant system, because the biological role of prostacyclin and its vasodilating effect differ somewhat from the mechanism of action of NO [2,3].

Deterioration of the protective properties of the endothelium promoted activation and adhesion of platelets and leukocytes. This is evidenced by an increased level of adhesive molecules in the blood of older people. It should be noted that the anti-inflammatory and anti-proliferative properties of the intact endothelium are considered very important from the standpoint of modern concepts of the pathogenesis of diseases. In addition, it was found that, simultaneously with participation in inflammatory reactions, TNF-α increases the level of total cholesterol, very low density lipoprotein cholesterol (VLDL), and lowers the level of high-density lipoprotein (HDL) cholesterol. Clinical evidence of the significance of TNF in the onset of hypertriglyceridemia has been obtained [22,23]. That is, an increase in the level of TNF in healthy elderly people is a risk factor for the development of vascular pathology of atherosclerotic origin.

An important role in maintaining the normal level of capillarity and oxygen supply of tissues is the sufficient activity of physiological compensatory angiogenesis, which depends on the proangiogenic activity of the endothelium. It is known that the level of vascular endothelial growth factor is a proven indicator of angiogenesis activity. Increased expression of VEGF triggers a cascade of complex and interrelated reactions that lead to the initiation of angiogenesis, the appearance of new vessels, increased tissue vascularization, and improved perfusion. Conversely, inadequate VEGF production or medication blocking of VEGF (eg, in malignant tumors) causes apoptosis of the endothelium [24,25]. This leads to obstruction of the lumen of the vessels and a significant reduction in the density of the capillary network, contributes to an increase in the total peripheral resistance and the occurrence of perfusion disorders [24,25].

Therefore, the data obtained by us on the increased level of VEGF in the blood plasma of elderly people testify to the preserved compensatory possibilities of the activation system of angiogenesis activation and maintenance of a sufficient level of tissue capillarization. There are contradictions in the data on the state of proangiogenic activity of the endothelium during aging [26]. This may be due to the difference in samples and the individual characteristics of older people. Thus, the data presented in the study characterize the functional state of the endothelium during aging, indicating multidirectional age-dependent changes in individual functional systems of endotheliocytes that can play both a protective and pathological role. These data are important for the development of the correct strategy for the prevention and treatment of cardiovascular pathology in the elderly.

Conclusion


A.	During aging, the vasomotor function of the endothelium is disrupted, as evidenced by a decrease in the maximum the volumetric velocity of the skin's blood flow at the peak of reactive hyperemia, a decrease in the level of endothelial vasodilators NO and prostacyclin and an increase in the level of endothelin-1 and thromboxane A2.

B.	There is a disturbance of the protective properties of the endothelium in aging, as evidenced by a decrease in the level of anti-inflammatory cytokines as the level of THP and adhesion molecules increases.

C.	In elderly people, the proangiogenic activity of the endothelium is preserved-the level of VEGF increases with age in accordance with physiological needs.
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