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ESSAY
Report 150 p., Figure 27, Tables 11, 130 of the source, Appendix 3.
LYMPHATIC SYSTEM, LYMPH NODES, LYMPH VESSELS, HERONTOLOGY, AGING.
Topic: "The functioning of the lymphatic system from a young organism to an old one and the search for medicinal substances that slow down senile changes"
Subject: Laboratory white rats, line Wistor-245.
 Purpose: To study the morpho - functional state of the lymphatic system during the life cycle of the organism and to develop ways to slow down senile processes using the substances of medicinal plants obtained by scientists of the Republic of Kazakhstan.
Results: There was a decrease in lymph flow, urine output, interstitial fluid in mature animals in comparison with young animals and a further decrease in old animals. An increase in blood and lymph cholesterol, triglycerides, total lipids in old animals and a decrease in glucose were revealed. An increase in leukocytes, neutrophils, CD-20B lymphocytes in the blood and lymph and lymphocytes in the lymph in mature animals, but in old animals, a decrease in the same parameters was revealed. The formation of structural components of adrenergic innervation of lymphatic vessels and nodes in the first 30 days from birth of rats is observed. From the age of one month, adrenergic innervation is a well-formed apparatus. In old animals, the density and number of plexuses are preserved in all parts of the lymph node and lymphatic vessels, but the brightness of the glow decreases; the fibers in the plexuses become intermittent, the number decreases and varicose thickenings disappear. Lymph nodes have common signs of aging: a) an increase in connective tissue with a decrease in the area of ​​lymphoid nodules with germinal centers against the background of the preservation of a compact morphotype; b) unidirectional changes in the cellular composition in a decrease in the number of blasts and medium lymphocytes in lymphoid nodules, paracortical region, plasmocytes in the brain cords against the background of an increase in reticular cells, which indicates a decrease in the immunoreactivity of these structures; The contractile activity of the lymph nodes in old animals was inhibited. During herbal medicine at the stage of late ontogenesis, an increase in the drainage and immune functions of the lymph, activation of contractile activity, an increase in the luminescence of the lymph vessels and nerve plexus nodes, and an increase in the immune function of the structures of the lymph nodes were observed.
Scientific and organizational work under the grant: Articles of Russia - 5; RK-2; Abstracts Russia -2. In the US press -3; Conferences - 3 reports Novosibirsk, Sochi, Prague.
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TERMS AND DEFINITIONS
Adrenergic innervation - sympathetic innervation of blood vessels and nodes
Smooth muscle cells - muscles located in the walls of blood vessels
Medicinal plants - plants used
The lymphatic system is a sub-system of the cardiovascular system
Lymph nodes-immune organs of the lymphatic system
Lymph detoxification-purifying the lymph in the lymph nodes
Microstructure of lymphoid tissue-structures inside the lymph nodes
Late ontogenesis - development after the birth of an organism
Postnatal ontogenesis – functioning of the body in old age
Screening studies-studies that identify certain changes in the body
Senile changes – changes in the body in late pathogenesis
Spontaneous contractions - contractions of blood vessels and nodes without the involvement of the nervous system
Fitokompozitsiya several medicinal plants
Endoecological rehabilitation - restoration of function after the action of medicinal plants and other natural factors



















LIST OF ABBREVIATIONS AND DESIGNATIONS
ALAT - Alanine aminotransferase
AsAT - Aspartate Aminotransferase
BA- Alma-Ata hawthorn
BP- Blood pressure
BT - Badan thick-leaved
GLP - Thoracic Lymphatic Duct
HR - Heart rate
EP - Echinacea purpurea
IL - interstitial fluid
K-kopechnik
ZB - Ziziforabunge
ZO-St. John's wort ordinary





















INTRODUCTION
The global aging of humankind brings with it many practical problems, including an increase in the burden of disease and the proportion of the population not engaged in productive work. Life expectancy was a concern of people long before the appearance of demographic statistics and bibliometric databases. This is how, for example, Rene Descartes formulated his concern in the 17th century: "Why is my knowledge limited, my growth is small, the lifespan is a hundred years, and not a thousand? - although the numbers are countless, and there is no reason to prefer any of them to the other." There are usually two main questions on this topic: 1) how do we age and 2) why? The first concerns the mechanisms of aging, and the second concerns their / its evolutionary origin. [1].
Aging is a process of reducing the functional reserves of all tissues and systems of the body, associated with the processes of inflammation and thrombus formation, followed by replacement with connective tissue [2,3].
The progress of medicine increases life expectancy, leading to a demographic situation when the number of old people in society increases [2,4]. The problem of aging and the issue of health and quality of life of the elderly remains relevant today because of their characteristic morphological changes on the part of different organs and systems of the body [5]. Age and the associated aging is one of the risk factors for diseases such as cardiovascular and autoimmune diseases, oncological pathologies, infections. Despite active research, the problem of aging is still one of the least understood issues in the biology of the human body.
With aging, changes occur with the manifestation of extinction and violations of regulatory influences, important adaptive shifts are noted - an increase in the sensitivity of the heart and blood vessels to humoral factors and mediators in conditions of destruction of nerve endings, as well as a weakening of the synthesis of mediators [2,5,6].
Age-related changes in the structure of the microvascular network contribute to a decrease in the blood flow velocity in different parts of the brain [7], a deterioration in the diffusion of oxygen from the blood into the tissue [8], and a deterioration in the reactivity of cerebral arterioles to unfavorable exogenous and endogenous factors [9]. Diseases found in many elderly people - angina pectoris, hypertension, diabetes mellitus, atherosclerosis - increase age-related pathologic changes in the circulatory system [10].
Studies of the state of capillaries in skin biopsies by electron microscopy showed that with age, the basement membrane of the capillaries thickens, fibrils collagen, the pore diameter decreases, and activity decreasespinocytosis. These changes lead to a decrease in the intensity of travskapillary exchange [11]. One of the causes of aging is put forward by changes in the microcirculation system. A significant decrease in renal blood circulation with aging has been shown, which is directly related to a decrease in microvascularization. Endoscopic examinations of the gastric mucosa and biopsy specimens revealed a decrease in the number of microvessels [12].
Aging is a complex process caused by many factors and accompanied by a variety of physiological changes, including postnatal development and age-related characteristics of the functioning of the immune system. This actualizes the need to study the functions of the lymphatic system during aging as a life support system associated with endoecological safety and an increase in nonspecific resistance, while searching for new approaches to the prevention and treatment of age-related pathology [13].
The lymphatic system, anatomically and functionally inextricably linked with the circulatory system, takes part in the resorption of water and proteins, in water-salt metabolism and in immune reactions [14]. It has been proven that the development of a number of pathological processes is accompanied by the participation of the lymphatic system, which, due to its protective-compensatory, drainage and transport functions, can change the course of the disease and the state of the body [14,15]. We have studied the state of the lymphatic system in hypertensive conditions [16]. According to the literature, in humans, in the process of aging, the cytoarchitectonics of the lymph nodes changes, their number and size decrease [17].
With age, significant changes, as noted above [10,11,12], occur in the cardiovascular system, which has been studied and continues to be studied, and the lymphatic system, as a part of this system, is scientifically neglected.
At the present stage, it is necessary to influence the aging organism through the functions of the lymphatic system by expanding the platform for new lymphatropic substances to the already existing ones. In gerontology, in our opinion, it will be of great importance to identify violations of the structure and function of the lymphatic system and it is precisely on these changes that corrective actions should be directed.
Despite the advances in biology and medicine, there is still an urgent need for scientific substantiation and search for non-drug means of prevention and therapy of aging [18]. The available morphological and functional features of the organs and systems of the body of an aging person largely determine the adequacy of his responses, which should be taken into account when non-drug methods of correction. Beforein total, this applies to elderly and senile people who suffer from the structure and functions of the lymphatic system, including lymph nodes, due to the accumulation of metabolites and xenobiotics in the body [19]. Consequently, elderly people need to optimize the function of the lymphatic system at all levels of its organization, when an increase in functional reserves and nonspecific resistance is required [20]. This can be achieved using non-drug means of correction, among which herbal medicine is of the greatest interest because of their positive effect on the body.
The main goal of gerontology is to provide a person with the opportunity to live to physiological old age and to provide him with active creative longevity through the use of all means and methods to prevent premature aging. The growing number of older people requires the search and development of acceptable and at the same time modern methods of non-drug and drug correction of growing changes in various body systems.
The purpose of the project: To study the morpho - functional state of the lymphatic system during the life cycle of the body and to develop ways to slow down senile processes using the substances of medicinal plants obtained by scientists of the Republic of Kazakhstan.
Objectives: 1) To study and conduct a comprehensive study of the functioning of the lymphatic system in young rats (3-4 mx) and in mature (10-11 mx). To study the volume and composition of the interstitial fluid, diuresis and the composition of urine in the same animals.
2) To study and conduct a comprehensive study of the functioning of the lymphatic system in old rats (19-20 mx). To study the volume and composition of the interstitial fluid, diuresis and the composition of urine in the same animals
3) To develop methods of slowing down the aging process for this purpose, to carry out screening studies of the substances of medicinal plants isolated by Kazakhstani scientists for the cardiovascular and lymphatic systems on aging animals.
Report for 2018 on the topic: "The functioning of the lymphatic system from a young organism to an old one and the search for medicinal substances that slow down aging changes" State Reg. No. 0118RK00435. Inventory number: 0218RK01307
Report for 2019 on the topic: "The functioning of the lymphatic system from a young organism to an old one and the search for medicinal substances that slow down senile changes" No. gos.reg.0118RK00435. Inv No .: 0219RK01191
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[bookmark: _Hlk54347281]1 Justification of the direction of research
1.1 The importance of the functions of the lymphatic system and in the aging process

The lymphatic system, due to its polyfunctionality, cannot but be considered outside the problem of aging. The lymphatic system is a component of the cardiovascular system, and it is one of the integrating systems involved in all physiological and pathological processes of the body [21]. At the same time, the lymphatic system acts as an intermediary between the closed bloodstream and the cells of the body. It consists of lymphatic gaps, lymphatic capillaries, lymphatic vessels, trunks, ducts, and lymph nodes. The lymphatic system forms an additional bed, which is filled with liquid contents, lymph [20]. The movement of lymph is facilitated by the presence of lymphangion in the lymphatic vessel - an intervalvular segment with smooth myocytes, which has a contractile ability due to which the movement of lymph is carried out [22].
The lymphatic system is subdivided into two sections: 1) Lymph transport routes and 2) lymphoid organs, which belong to the organs of immune defense and hematopoiesis. A lymph node is one of the main structural units of the lymphatic system, which is an example of the combination of two systems, the lymphatic and the immune [23].
Among the organs and systems involved in ensuring homeostasis of the internal environment during aging, an important role belongs to the lymphatic system and its constituent peripheral lymphoid organs - regional lymph nodes, belonging to the body's protective barrier and responsible for the formation of an immune response to the external environment [24]. Lymph nodes occupy a special place among the lymphoid organs, simultaneously carrying out the drainage of the interstitium and immune function [25]. At the same time, the assessment of the state of regional lymph nodes in their relationship with the drained organs remains one of the main directions in morphological studies. The lack of a single point of view regarding the prognostic significance of the immunomorphological restructuring of the lymphatic system during aging determines the need for anatomical and histological assessment of its individual comparatives and cellular composition. At the same time, age-related and pathological changes in the lymphatic system are not differentiated [26].
Water homeostasis is a condition for the vital activity of any organism. Maintaining water homeostasis seems to be the most important function of the lymphatic system [27]. Lymphatic drainage is combined with the neutralization of those harmful substances
which to a greater or lesser extent are present in the interstitium surrounding the cell. The latter is realized by biophysical, biochemical, immune processing of tissue fluid and lymph formed from it [28]. In the process of neutralization of substances harmful to the life of the body, three homeostatic systems are involved: lymphatic, lymphoid (immune) and the system of loose connective tissue, which forms the interstitium - the internal environment of the body. This functional synergism gives grounds to consider these systems as a drainage-detoxification complex, and it should be considered as a kind of functional system that ensures the bio-safety of the body [29].
Most scientists agree that tissue hydration decreases with age [14,15]. In this case, the cells are deprived of their aquatic habitat and at the same time their metabolism in the cell is disrupted, leading to their death [30]. The clinical manifestations of the signs of aging depend on the state of the intercellular substance of the dermis. Collagen and elastic fibers become fragmented and lose their original organization. The composition and molecular weight of dermal proteoglycans also change with age. Proteoglycans lose their original mass, and in this state they cannot associate a sufficient amount of water [31]. It is well known that changes in the extracellular matrix of the dermis are caused by dysfunctions of dermal fibroblasts, since it is these cells that are responsible for the synthesis and decay of all components of the extracellular substance. It has been shown that the number of fibroblasts in the dermis decreases significantly with age [32]. Consequently, the possibilities of regeneration of the dermis decrease with age.
Aging is associated with a lack of interstitial transport and lymph flow, and measures aimed at improving interstitial transport, stimulation of lymph flow, can slow down the effects of different types of aging [33].
All three homeestic systems function together: the lymphatic, lymphoid and loose connective tissue systems, and they must age together [34].
The predisposition to a number of acute and chronic diseases increases as a result of age-related decline in the function of the immune system [35]. It has been established that the rate of decline depends on a number of factors, among which the number and severity of acute and chronic infections, the presence of autoimmune diseases and, possibly, the level of biogenic and technogenic pollution can be distinguished [36]. Consequently, the processes affecting the aging of the immune system should influence the dynamics of mortality in the population. Decreased functions of the thymus and involution of peripheral lymphoid tissue determine the aging of the immune system. Since inSince the set of pathogens was quite stable in archaic communities, the preservation of memory cells was a more profitable strategy than maintaining the ability to respond to new pathogens. Therefore, depletion of naive T-lymphocytes, the thymus began to undergo involution immediately after reaching puberty, which ensures the maintenance of a longer immune memory.
The main directions of the wellness strategy in connection with the changes that the lymphatic, lymphoid (immune) systems and the system of loose connective tissue undergo in old age, which form a drainage and detoxification complex in general. All these anti-sclerotic measures of a general nature slow down the aging process, so the appointment of such is very useful, because all three systems of the drainage-detoxification complex undergo sclerosis. It is also highly advisable to stimulate interstitial transport, lymph formation, lymph flow, as well as lymphatic detoxification processes at all levels of the lymphatic drainage mechanism [37].
In the process of life, the physiological mechanism of the autonomous regulation of ME CVS is restructured, aimed at replacing short-term sympathetic regulation in young people with more efficient and stable regulation of humoral catecholamines in older people [38].
Neurohumoral regulation is not so much due to an increase in the activity of the humoral-metabolic link of regulation, the predominance of which is characteristic of the elderly, but due to an increase in the tone of the autonomic centers, and parasympathetic effects on the myocardium prevailed over sympathetic ones. [39]
One of the key mechanisms of aging is a change in hormonal regulation, for an effective effect on which, in order to prolong life, it is necessary to determine the root cause of these processes [40]. Transposons can serve as molecular drivers controlling the dynamics of hormone levels. This is due to their use as sources of nucleotide sequences that receive specific signals from ribozymes, transcription factors, hormones and their messengers. At that time, in evolution, transposons are sources of ribozymes and proteins with DNA-binding domains. Beginning with zygote division, the species-specific composition and distribution of transposons in the genome can be used as the biological coding required for consistent and cell-specific gene expression. It has been suggested that hormonal regulation is one of the components of a complex system of ontogenesis control under the influence of mobile elements. As evidence, givenworks on the role of transposons in the control of genes of the endocrine system, as well as on the effect of hormones on the activity of transposons. The study of these relationships may have prospects for the development of methods of life extension, since epigenetic changes under the influence of transposons are reversible. [41]
Anemia in elderly patients can be considered a geriatric syndrome that impairs quality of life, functional status, decreases autonomy and affects prognosis. Anemia is associated with other geriatric syndromes such as senile asthenia, sarcopenia, falls and fractures, vitamin D deficiency, dementia, and others. Iron deficiency anemia is the most common. [42]
Accelerated aging, which is formed on the basis of the consequences of severe stressful effects, and this is considered as an independent disease. [43]
In old animals, there is also a low activity of autophagy, which removes damaged organelles and aggregated structures from cells. The age-related shift of the redox balance towards oxidative stress can be the cause of the development of age-associated neurodegenerative, autoimmune, and inflammatory pathologies. [44]
It was revealed that, along with morphological changes, the secretory activity of EC and the release of vF protein into the blood plasma sharply increases. It was found that in the cavity of the podaortic cone of the heart in animals during aging, a mass of products of metabolism of the vW protein, pigmented granularity, Weibel-Palade rod-shaped bodies, and various sizes of thrombi are accumulated [45].
We age because these are the chemical properties of what we are made of, and the way these properties are realized in the conditions of our body. Aging is neither a direct result of evolution by natural selection (a program that sets lifespan), nor is it a side effect (postponed payment for benefits now). Aging is a consequence of the limitations imposed on the possible and results of evolution by the inherent physicochemical properties of the participants in metabolism, and in this it differs from the wear and tear of inanimate technical systems [46].
The global aging of humanity brings with it many practical problems, including an increase in the burden of disease and the proportion of the population not engaged in productive labor. [47]
Age-related changes in the latter in rats (starting from 18 months of age) indicated an increase in infectious intoxication and inflammation, activation of cellular immunity and an effector link, and a predominance of cells.nonspecific protection and their immature forms, on the activation of delayed-type hypersensitivity processes, as well as on a decrease in immunoreactivity and the level of adaptation of the organism [48]
The limitation of the energy value of nutrition is accompanied by an increase in the life expectancy in various experimental objects - mammals [49], invertebrates [50], and microorganisms [51], that is, we can talk about the presence of a common mechanism for regulating the duration of ontogenesis.

[bookmark: _Hlk54347295]1.2  Endoecological rehabilitation and medicinal plants
There are many recipes for stimulating the lymphatic drainage mechanism and the associated lymphatic detoxification. The works of Yu.M. Levin and his colleagues and followers have become the main very effective system of endoecological rehabilitation, providing sanitizing effects on the body of various non-drug means, taking into account the physical condition of the body and its age [30].
Research of Novosibirsk lymphologists within the framework of the concept of Yu.M. Levin and his health-improving system ERL showed the feasibility of using a number of plant polyphenols to improve the health of the population: rosehip roots, cuff, burnet, berries of black currant, blueberries, lingonberries, leaves of badan, red root, Kuril tea, chitosan proved to be an excellent lymphotropic agent [52].
The existing system of prevention and treatment measures prolongs a person's life and makes old age active, but only to a certain limit. Scientific substantiation and active introduction of lymphotropic technologies increases the capital of health and improves the quality of life at any age [53]. Understanding the mechanisms of regulation of life expectancy is the main task of gerontology, since only knowledge of the mechanisms of ontogenesis can provide adequate modeling of the processes of age development and management of life expectancy [54].
Since ancient times, various biologically active natural components of plant, animal and mineral origin have been known, which a person consumes with food and uses it for therapeutic and prophylactic purposes. [55]. In everyday life, health-improving and prophylactic means, called "biologically active food additives", "nutraceuticals", "parapharmaceuticals", have appeared. All of them are associated with the need to improve nutrition and impart health-improving and prophylactic properties to products. Vegetablecomponent - the most common part of dietary supplements and food products. It is plants that contain all the substances necessary for human nutrition. Therefore, the main choice was made on them.
At the same time, special attention is paid to medicinal plants containing essential substances and trace elements, vitamins (vitamin-mineral complexes), minor food components, bioflavonoids, organic acids, glycosides, biogenic amines, regulatory oligopeptides, polysaccharides, oligosaccharides, etc., and they are also sources of polyunsaturated fatty acids (vitamin P) and phospholipids, essential amino acids, antioxidants, dietary fiber, which qualitatively expands their biological activity and increases the therapeutic and prophylactic potential in preserving the capital of health [56].
Numerous results of experimental studies, clinical observations, sanatorium-resort practice have proved the effectiveness of methods of lymphatic sanitation and endoecological rehabilitation using medicinal plants in the form of phyto-assemblies, phytomineral complexes, bioactive additives for the preservation or restoration of structures and drainage-detoxification function of the lymphatic region. At different levels of the anatomical organization of the lymphatic region, it is necessary to consider four possible mechanisms for regulating lymphosanation by means of different means and methods: lymphostimulation, lymphoprotection, lymphocorrection and lymphosuppression.
Stimulation of lymph flow intensifies the intraorganismic circulation of water, contributes to the sanitation of the endoecological space, the return of tissue proteins to the bloodstream, the transport of lipids and microelements necessary for the vital activity of the body, and helps to maintain water and oxidative homeostasis [57].
Plants containing polyphenolic complexes exhibit similar lymphotropy. These include both the medicinal plants themselves and phyto-assemblies or biologically active additives (BAA) created on their basis. Phyto-collection is compiled according to the pharmacotherapeutic principle, taking into account the lymphotropic effect of medicinal plants and is systematized for use in health-improving and therapeutic practice and in anti-aging programs. The composition of the charges is adjusted so that it consists of a phytocomponent containing medicinal plants for the realization of the effect of lymphostimulation, and a compound of substances with a sorption and lymphoprotective effect [58].belongs to the group of aryl-beta-glycosides (hydroquinone derivative). 64-75% of arbutin is excreted in the urine, and arbutin, transformed into hydroquinone, provides antimicrobial action in the urinary tract and has anti-inflammatory and antioxidant effects [60]. Improvement of pericellular humoral transport, the effect of lymph stimulation, and the ability to correct the structure of the lymph node in pathological situations are associated with bioflavonoids [61,62].
After analyzing the literature and the availability of medicinal herbs and their substances, which were offered to us by our scientific partners, the School of Pharmacy of KazNMU and the pharmacological firm "Fitoleum", we settled on the following medicinal herbs: Ziziforabunge, Alma-Ata hawthorn, St. John's wort, Echinacea purpuchnikrnaya Badan thick-leaved
Ziziphorabunge is one of the plants of a family called lily plants, in Latin the name of this plant will sound like this: ZiziphorabungeanaJuz.
Ziziforabunge is a perennial shrub. Under natural conditions, this plant is found in Central Asia and Kazakhstan, as well as in the following regions of Western Siberia: in the Altai and Irtysh regions. Ziziforabunge is endowed with very valuable healing properties, while it is recommended to use the herb and juice of this plant for medicinal purposes. The presence of such valuable healing propertiesdue to the content of essential oils, saponins, organic acids, alkaloids, flavonoids, tannins and vitamin C in the plant.
The aerial part of ziziforabunge also contains essential oil, organic acids, alkaloids, ziforin, tannins and bungeonic acid. Saponins, alkaloids, essential oil, organic acids, vitamin C, flavonoids and tannins are found in stems, flowers and leaves. The buds contain vitamin C.
Ziziforabunge is endowed with very valuable healing properties, while it is recommended to use the herb and juice of this plant for medicinal purposes. Grass includes leaves, flowers, and stems. The presence of such valuable healing properties is explained by the content of essential oils, saponins, organic acids, alkaloids, flavonoids, tannins and vitamin C in the plant.
In the aerial part of ziziforbunge, there is also essential oil, organic acids, alkaloids, ziforin, tannins and bungeonic acid. Saponins, alkaloids, essential oils, organic acids, vitamin C, flavonoids and tannins are found in stems, flowers and leaves. The buds contain vitamin C.
The infusion, decoction and extract of this plant are endowed with hemostatic properties, can increase the activity of respiratory enzymes during hypoxia, and also have a positive effect on collateral coronary blood flow. In addition, such funds have a positive prophylactic and therapeutic effect in myocarditis and myocardial infarction. As for traditional medicine, here the infusion of the herb ziziforabunge is used as a general tonic.
A decoction of the leaves of this plant is used as a diuretic and appetite stimulant, and is also used for stomach cramps, nausea, throat diseases in children and syphilis [63].
Alma-Ata hawthorn (lat.Crataegusalmaatensis) is a shrub or small tree, a species of the genus Hawthorn (Crataegus) of the Pink family (Rosaceae). In nature, the range of the species covers Central Asia and Kazakhstan. For medical purposes, hawthorn fruits (berries) are most often used. Hawthorn fruits contain sugar, organically acids, ascorbic acid, vitamin K, catechins. Hawthorn berries are a real treasure of vitamins C, A, E, K, etc. In addition, they have a high content of essential oils, fructose, pectin and starch. The medicinal properties of the plant include: antitumor and antioxidant effect, wound healing and anti-inflammatory effect, toning of blood circulation, antibacterial effect, vasodilating propertySince the fruits of hawthorn contain a large amount of antioxidants, respectively, it helps to improve blood circulation and cleanse blood vessels. Hawthorn berries are used to treat: angina pectoris, arrhythmia, hypertension, epilepsy and insomnia, stress and chronic fatigue, gynecological diseases. In addition, the hawthorn preparation is prescribed for persons suffering from diabetes mellitus, as well as for persons with liver and kidney diseases. Hawthorn fruits are antispasmodics and can relieve not only headaches, but also help with back and shoulder pain. During the period of exacerbation of seasonal colds and flu, the use of decoctions from hawthorn berries strengthens and enhances the immune system. Hawthorn has the following properties beneficial to human health: vasodilator, cardiac stimulating, anti-inflammatory and antimicrobial, diuretic, antitumor, hepatoprotective, anti-aging, antioxidant, choleretic. Hawthorn berries are unusually rich in ursolic acid, which makes blood vessels dilate, and also fights against tumors, eliminates inflammation.
Many homeopaths advise taking these berries as a medicine for heart problems. This is especially true for people over 50 years old.
Hawthorn is widely used in various herbal preparations that lower blood pressure and cholesterol. Berries contribute to the elimination of toxins and toxins from the body [64].
St. John's wort (Latin Hypéricumperforátum) is a perennial herb; St. John's wort as a medicinal plant has been known for a long time.
The herb St. John's wort (lat. HerbaHyperici) is used as a medicinal raw material - shoots of wild-growing or cultivated St. John's wort collected in the flowering phase. St. John's wort herb contains tannins, essential oil, β-sitosterol, triterpene saponins, vitamins C, E, flavonoids (hyperoside, rutin), anthraquinones, macro- and microelements and other biologically active substances, hypericin dye. St. John's wort contains amentoflavone, a non-selective blocker (antagonist) of opioid kappa receptors, as well as the benzodiazepine segment of the GABAA receptors, which to some extent explains the antidepressant and anti-hangover effect on the psyche. Another component, hyperforin, is an inhibitor of the reuptake of monoamines, including serotonin and dopamine, which also relieves depression. Hypericin selectively inhibits the enzyme dopamine beta-hydroxylase, which increases dopamine levels. In folk medicine, St. John's wort is used in the treatment of gout, articular rheumatism, pulmonary tuberculosis, sciatica. Alcohol tincture is taken orally for rheumaticdiseases, crushed leaves are applied to wounds for early healing. The ground part of the plant is used in the form of a decoction as an anti-inflammatory and astringent agent for diseases of the digestive system, liver, gallbladder, in the treatment of neurasthenia, neuralgia, insomnia, headache, stomach diseases, as a hemostatic and wound-healing agent. St. John's wort oil is used in the treatment of wounds and burns, as a diuretic, and also as a means of stimulating the activity of the heart and tissue renewal [65].
Echinacea purpurea (lat.Echináceapurpúrea) is a perennial plant from the Aster family. Echinacea purpurea herb contains polysaccharides (heteroxylans, arabinoramnogalactans), essential oils (0.15-0.50%), flavonoids, oxycinnamic (chicory, ferulic, coumaric, caffeic) acids, tannins, saponins, polyamines, echinacinated acid (polyinic acid amide ), echinolone (unsaturated ketalcohol), echinacoside (glycoside containing caffeic acid and pyrocatechol), organic acids, resins, phytosterols; rhizomes and roots - inulin (up to 6%), glucose (7%), essential and fatty oils, phenol carboxylic acids, betaine, resins. All parts of the plant contain enzymes, macro- (potassium, calcium) and trace elements (selenium, cobalt, silver, molybdenum, zinc, manganese, etc.). In the medical practice of individual countries, tinctures, decoctions and extracts of echinacea are used as an immunostimulating agent. Its immunomodulatory, antiviral, and anti-inflammatory effects can be of significant benefit to susceptible individuals. The active substances of freshly harvested echinacea juice when administered orally have a nonspecific immunostimulating effect. Due to the high content of essential oils, antioxidants, organic acids, vitamins of groups A, C and E in echinacea, preparations based on echinacea increase immunity, help the body fight against influenza, herpes, SARS viruses. The plant is rich in microelements (iron, calcium, selenium), which have a healing effect on the hematopoietic system, as well as the musculoskeletal system and connective tissue structures. Selenium in combination with vitamins C and E promotes the elimination of free radicals from the body. Antioxidants prevent the process of early aging of body cells and have an antitumor effect [66].
Kopechnik (lat.Hedýsarum) is a genus of plants in the legume family (Fabaceae). recorded on the territory of Russia, Ukraine (Black Sea region), Bulgaria, Romania and Kazakhstan. The complex chemical composition and widespread use in folk medicine, large reserves of raw materials make it possible to recommend kopeckniki as a valuable plant for biomedical research. The bulk of useful componentsconcentrated in the rhizomes of the plant, which explains its multi-speaking name. A set of the following elements necessary for a person forms the composition of the herb of a penny: Flavonoids are natural antioxidants. The estrogens contained in the plant are similar in composition to the female and male sex hormones. Catechins also belong to the flavonoid class. Saponins are organic compounds. Coumarins are considered to be the strongest natural anticoagulants. Xanthones are more likely to act as antioxidants. Tanning elements of the red root normalize the intestinal microflora. Amino acids are involved in protein synthesis. Alkaloids - These complex compounds are considered poisons. Vitamin components are represented in the penny by ascorbic acid and vitamin A. Mineral elements: selenium, nickel, sulfur, aluminum, manganese and a number of other minerals. Also, the red root contains ash, sugar, pectins and other substances that the human body needs. The saturated chemical composition of a medicinal plant can be considered the basic basis for its medicinal and beneficial properties. Stabilizes blood pressure with mild hypertension. Stimulates blood circulation. Prevents blood clots. It has a pronounced expectorant effect. Cleans the blood from toxic products. Reduces body temperature in case of fever. Eases the condition with colds. Due to the presence of antibacterial properties, it helps in the elimination of viruses and other pathogenic pathogens. Regulates the process of hematopoiesis by participating in the formation of erythrocytes. Provides strength to muscle tissue, including the myocardium. It has a positive effect on the state of the nervous system. Increases intestinal peristalsis by strengthening its muscles. Increases the protective functions of the immune system. Helps in the treatment of a variety of sexual and genitourinary disorders in both sexes [67].
Badan thick-leaved, (lat. Bergéniacrassifólia), - perennial herbaceous plants.
The plant is widespread in Kazakhstan. The rhizomes contain 15-27% tannins, mainly belonging to the group of gallotannins, the tannin content of which ranges from 8 to 10%. The tannins of the rhizome contain up to 35% gallic acid. With age, the content of tannins in the rhizomes increases. The rhizomes contain isocoumarinbergenin, 6.52% glucose and up to 2.5% sucrose. The leaves contain from 10 to 23%, in some cases up to 35% tannins (with age, the content of tannins in the leaves decreases). Leaf tannids are a mixture of pyrogall (up to 40%) and pyrocatechol tannins. Arbutin content inleaves reaches 22%, and free hydroquinone - 4%, gallic and ellagic acids are also present. According to the content of arbutin, badan is the richest plant source in the world. Badan preparations have hemostatic, astringent, anti-inflammatory and antimicrobial properties, strengthen the walls of blood vessels, moderately lower blood pressure, and slightly increase the heart rate. For medicinal purposes, rhizomes are used, much less often leaves. The medicinal properties of badan have long been used in Russian folk medicine, as well as in the medicine of Tibet and China. Aqueous extracts of rhizomes and leaves are used internally for colitis and enterocolitis of a non-infectious nature, tuberculosis, acute and chronic pneumonia, pulmonary hemorrhage, acute respiratory, influenza and some other infections, laryngitis, headaches, fevers, articular rheumatism, gastrointestinal diseases. They are used in gynecological practice for heavy menstruation due to inflammatory processes of the appendages, for hemorrhagic metropathies, uterine fibroids, after childbirth, and for bleeding after termination of pregnancy [68].
The main task of our study is to present the most complete picture of the physiological and pathophysiological state of the lymphatic system and the whole organism, during aging. To outline the ways of further development of this direction. To show doctors the inadmissibility of ignoring the lymphological principles, means and methods of treatment, to supplement our medicinal substances (phytocomposition) with the already existing medicinal phytopreparations.
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Experiments on animals were carried out in accordance with the principles of bioethics, the rules of laboratory practice (GLP, European Communities Council Directives of 24 November 1986, 86/609 / EEC) set out at the Geneva Conference (1971). The study was approved by the local ethical commission of the KNMU named after Asfendiyarov (Minutes No. 6 (83) dated May 29, 2019). Removal from experience and painful manipulations on animals were performed under general ether anesthesia.
The study of functional processes and structural - functional organization of the lymphatic system in health and aging can be investigated in a short time period only in experiment. The choice of laboratory animals as model systems for studying aging and developing correction approaches has been justified [69]. In humans, the scheme of age periodization is generally accepted, according to which the following periods are distinguished: children's -1-15 years, adolescence - 16-20 years, mature age: the first period - 21-35 years, the second period - 36-60 years, old age - 61 –74 years old, 75–90 years old, long-livers - over 90 years old. Determining the ratio of the lifespan of rats and humans, a coefficient of 1.7 was used [70], which made it possible to classify animals at the age of 2-4 months as adolescent humans (12-18 years), animals 10-12 months old (35- 45 years old), and animals aged 1.9–2 years old (over 75 years old). The work adhered to conditionally identified age groups - "young" (1-3 months) mature (10-12 months) and "old" (22-24 months). The project planned to study a group of old rats 19–20 m-x, but for a brighter picture of the studied indicators, we took animals of 22-24 m-x for the study.
In accordance with the goal and objectives of the program, experiments were performed on 246 white laboratory rats of different ages, which were kept in the Institute's vivarium on standard food and water regimes. The lifespan of these animals is 36 months. They become sexually mature as early as 2-3 months, and the age of 24 months corresponds to 60-70 years of a person. The animals were divided into 10 groups. The 1st group of animals from 2 days to 2 months are young and the 2nd group of 10-11 months - mature rats were studied for all the parameters listed below in the first year of the grant. According to the program, the 3rd group was in the vivarium for 22-24 months - old rats on a standard diet. The 4th, 5th, 6,7,8,9th groups of animals to the standard water ration of the vivarium will be mixed with one of the medicinal substances or herbal decoctions and they will be examined in 1 month. Medicinal herbs and berries were harvested and medicinal substances were obtained from them and they were used by adding or dissolving in water in the 2019-2020 study.Screening research was conducted with the participation of the following medicinal herbs: Zizifora Bunge, Almaty hawthorn, Hypericum perforatum, Echinocea, penny grass, thick-leaved bergenia. Phytocomposition was tested on the 10th group of old rats.
The phytocomposition used by us consisted of (Zizifora Bunge, Almaty hawthorn, Hypericum perforatum, Echinocea, kopeck, thick-leaved bergenia). We used a carbonic substance obtained from the herb Ziziforabunge [63]. The substance obtained from the fruits of the Almaty hawthorn [64] and decoctions of the herbs Echinocea, St. John's wort, penny, and butt, which were mixed in equal proportions and in this aqueous solution were added substances for one rat per day: Zizifor Bunge 8 mg, Hawthorn 50 mg and 5 mg per day powder of balsam "Revival" containing iodine. The water ration of the animals consisted of a mixture of decoctions and substances dissolved in it - phytocompositions of 80 ml per day per one rat or 350 - 400 g body weight for 3 months and only then the animals were removed from the experiment.
Anesthesia of animals was carried out by inhalation with ether through a mask in which a cotton wool with ether was placed. After anesthesia, an incision was made along the white line of the abdominal muscles, then the thoracic lymphatic duct was dissected at the diaphragm into which a graduated microcannula was inserted and through which the lymphatic tissue was determined and lymph was collected for research. After collecting lymph, the abdominal aorta was dissected in the caudal part of the abdominal cavity, and a Teflon catheter was inserted into it to collect blood.
In blood and lymph samples, the content of total protein, cholesterol, triglyceride, total lipids of urea, creatinine and bilirubin were determined, the level of activity of enzymes: alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase, amylase in lymph and blood plasma were determined using the standard using the automatic biochemical analyzer COBOS INTEGRA 400. The cellular composition of blood and lymph, urine is determined using the hematological analyzer "SYSMEX KX-219 9". Determination of electrolytes in lymph and blood plasma was studied using the AVL 9180 analyzer (ROCHE DIAGNOSTICS, Austria, 2012). Determination of biochemical parameters of urine was carried out using an analyzer (High Technology, USA, 2013). The morphological composition of lymph was determined in a Goryaev chamber with a Burker grid. Determined the number of leukocytes, leukocyte formula - in dry smears of blood and lymph, stained by the method of S.P. Romanovsky. To study histological preparations and smears of blood and lymph, a light microscope Leica - DM-1000 was used.
The volume of blood plasma was determined by hemotacritis and interstitial fluid. The extracellular fluid volume was determined based on the transmission of low and high frequency currents followed by impedance measurements [71]. Using the Rheo-Mitsarrheograph, the composition of interstitial fluids was studied after it was obtained by the fetilk method according to Aukland [72]. The immunogram of blood plasma and lymph has been studied [73]. A subpopulation of lymphacyte composition was determined by flow cytometry using monoclonal antibodies Cd-3, Cd-4, Cd-8, Cd-16, Cd-19 with the determination of the immunoregulatory index on a FACS CALIBUS flow cytometer. Immunoglobulins by enzyme immunoassay using commercial T-systems manufactured by BECTOR BEST. Blood pressure, heart rate in animals was recorded through the sensor of the surgical monitor "Dreger". Luminescent microscope Vision 300
The contractile activity of isolated lymph nodes was studied according to the generally accepted method [74] using a setup consisting of a thermostatic chamber, a mechanotron, and a recording device. Lymphatic (cervical and mesenteric) nodes were fixed at one end to the bottom of the chamber, and at the other end to the force sensor of the 6MX1C mechanotron. As a nutrient solution for the incubation of isolated lymph nodes in rats, a Krebs solution of the following composition was used: NaCl-133.0; NaHCO3 -16.3; NaH2PO4 -1.38; KCl-5; CaCl2-2.5; MgCl2-0.1; glucose-7.8 mM / liter, pH-7.4 at a temperature of + 37 ° C.
This incubation solution was oxygenated with a gas mixture of 95% O2 and 5% CO2. Incubation solution under a pressure of 80-90 mm water column slowly walked through the thermostatic chamber. Physiologically vasoactive substances were used as stimuli to study the evoked contractile activity of the lymph nodes: adrenaline hydrochloride, acetylcholine chloride and histamine dihydrochloride at concentrations of 1 × 10-8M-1 × 10-4M, which were added to the thermostatic chamber where the lymph nodes were located ...
The adrenergic innervation of the mesenteric, cervical lymph nodes and nodes was studied by histochemical fluorescent microscopic method. To study the adrenergic nervous apparatus of the lymph nodes, a specific histochemical fluorescent-microscopic method for detecting catecholamines in tissues was used according to the Falk method modified by V.A. Govyrin using glyoxalic acid [75]. The mesenteric, cervical, popliteal lymph nodes were taken for the study. Total vascular sections and cryostat sections of lymph nodes 20 μm thick were prepared. The preparations were incubated in a 2% solution of glyoxalic acid prepared in phosphate buffer at pH 7.2. Then the sections were dried under a warm stream of air and thermostated at 100 ° C, followed by clarification and fixation with 5% polystyrene solution dissolved in xylene. The lymph node preparations were studied using a Vision 300 fluorescence microscope (Australia) in conjunction with a computer. A morphometric analysis of the lymph nodes was performed using a morphometric grid [76]. The collected pieces of regional lymph nodes were fixed in 10% neutral formalin or Tellesnitskiy's liquid, followed by the implementation of the classical scheme of conducting and embedding the material in paraffin and preparing histological sections. Some of the lymph nodes were embedded in epoxy resins for the preparation of semi-thin sections. Sections of lymph nodes were stained with hematoxylin and eosin, azure and eosin, toluidine blue, trichromic dye according to C. Masson.
The morphometric analysis of the structural components of the lymph node with the determination of their specific area was carried out using a morphometric grid [77], which was imposed on the section of the lymph node. We counted the number of nodes or intersections of the mesh for the entire slice as a whole and separately for each of the structural components with recalculation in percentages. It was taken into account that the specific cross-sectional area of ​​objects on the cut area corresponds to the specific volume of the object in the sample according to the fundamental principle of Cavalieri – Acker – Glagolev in stereology [77]. In the structural and functional zones of the lymph nodes, the absolute number of cells was counted on a standard area of ​​2025 μm2 with a microscope magnification of 900 times. In the cyto-picture of the lymph node, according to the International Histological Nomenclature, reticular cells, which form the skeleton of the node, were differentiated, lymphopoietic cells - blasts, medium and small lymphocytes, plasmocytes, among which there are free macrophages (histiocytes), as well as few - neutrophils (neutrophilocytes), a ) and others, grouping them into cells of lymphoid tissue, cells performing supporting and phagocytic functions, and cells of peripheral blood [78]. We used Leica DM 750, Mikmed-2 microscopes with a ScanMicro scanning attachment, combined with a computer.
The experimental results were processed by the method of variational statistics on a computer using the Student's t-test. The results were considered reliable at p <0.05.
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3.1 Cellular, biochemical, immunological composition, physicochemical, rheological indicators of lymph and blood, volume and composition of interstitial fluid, diuresis in young and adults

The lymphatic system in young rats was 2.4 ± 0.3 μl / min. when rats weigh 44 ± 5 ​​g. or 0.05 μl / min. for 1 year. rat tissue, and in mature rats it was 7.9 ± 0.5 μl / min. with an animal weight of 259 ± 18 g. or 0.03 μl / min. for 1 year. tissues, in old animals 6.1 ± 0.6 μl / min with a weight of 384.6 ± 22 or 0.018 μl / min. np 1g. fabrics. The blood clotting capacity in young rats is 3.59 ± 0.4 min, in mature rats it is 3.48 ± 0.4 min, and in old rats it is 2.88 ± 0.5 min. In lymph in young animals, coagulation is 3.90 ± 0.5 min. in mature animals 3.68 ± 0.4 min, in old animals 2.95 ± 0.6 min. Blood viscosity 5.5 ± 0.5 in young animals, in mature animals 5.3 ± 0.4 in old animals 4.5 ± 0.5, in lymph in young animals 4.4 ± 0.5 and mature animals 4.1 ± 0 , 6, and old 3.6 ± 0.5. With increasing age, there was some increase in coagulability and an increase in the viscosity of blood and lymph. The volume of plasma by hematacritis in young people is 48.0 ± 4.2% and in mature people 45.0 ± 3.2%, in old ones 44.3 ± 3.6%. Heart rate in young animals is 496 ± 15, and in mature animals it is 481 ± 11, in old animals 449 ± 14 beats per minute. Blood pressure in old animals is 108 ± 6, 103 ± 7 in mature animals, in young animals 94 ± 11 mm. Diuresis in young animals was 0.000019 ± 0.000001 ml / min 1 g of body weight, and in mature animals 0.000015 ± 0.000001 ml / min. per 1 g of body weight in old animals 0.0000099 ± 0.0000002 ml / min. The decrease was 26% in mature rats and 39% in old ones.
We also noticed an increase in cholesterol and triglycerides and total lipids in the blood and lymph in mature rats and especially in old ones (cholesterol - 15%; 45%; triglycerides - 41%; 16%; total lipids - 18%; 33%, respectively). Glucose decreased slightly in mature rats by 26% in blood and by 7% in lymph, and in old rats by 40% and 16%, respectively (Table 1). The rest of the studied biochemical parameters of blood and lymph in young, mature and old animals: urea, bilirubin, creatinine, total protein, α-amylase, ALT, ASAT, alkaline phosphatase fluctuated at the same values. When analyzing the obtained results of the cellular composition of lymph and blood, we found an increase in leukocytes in blood plasma by 42% and in lymph by 13%, in mature rats, and in old rats there was a decrease in leukocytes in the blood by 35% and in the lymph by 18% compared to mature animals. The rest of the parameters did not reveal any significant changes (table 2).


Table 1 - Biochemical parameters of blood plasma and lymph in young, mature and old animals
	Indicators

	Bloodplasma
	Lymph

	
	younganimals
	matureanimals
	oldanimals

	younganimals
	matureanimals
	oldanimals


	Urea, mmol /l
	4,7 ±0,8
	4,9± 0,7
	5,33±0,7
	6,2 ±2
	3,9± 0,2
	5,59±0,7

	Bilirubin,kmol
	3,32±0,94
	3,47 ±0,91
	1,72±0,75
	0,7 ±0,02
	0,5±0,04
	0,6±0,03

	Creatinine, Mcmol / l
	43,82±3,08
	42,8 ±3,2
	50,33±4,1
	39,1±3,6
	42,4±3,8
	44,33±2,7

	Glucose, mmol
	4,6±0,15
	3,65 ±0,18*
	2,8±0,21
	4,62± 0,19
	4,35 ±0,17*
	3,9±0,19

	Totalprotein, g
	68,2±0,43
	69,5± 0,6
	67,8±0,7
	4,4± 2
	39,3 ±0,4
	39,6±0,5

	α-amylase, U / L
	480±45
	485 ±52
	669,4±62
	550 ±50
	570±55
	382,4±49

	ALAT, mkkat
	0,13±0,03
	0,14 ±0,04
	250,95±22
	140± 10,23
	150 ±10,8
	151,9±9,9

	AsAT, mkkat
	0,18±0,5
	0,20± 0,2
	167,6±11
	140±9,0
	160 ±11,5
	204,2±13,5

	Totalcholesterolmol / l
	1,65± 0,03
	1,8± 0,04
	1,9±0,03
	1,24 ±0,05
	1,3± 0,04
	1,8±0,06*

	Triglycerides, mol / l
	0,85± 0,04
	0,95± 0,03
	1,2±0,1
	0,68± 0,03
	0,7 ±0,05
	0,79±0,07*

	Totallipids, g / l
	1,5± 0,04
	1,65± 0,05
	1,78±0,04
	1,2 ±0,04
	1,3 ±0,05
	1,8±0,08*

	Alkalinephosphatase, U / l
	342 ±14
	336 ±12
	387±14
	410 ±15
	480 ±17*
	496±18*

	Notes: reliable compared to control, -р<0,5*,  -р<0,01**



Table 2 - Cellular composition of blood and lymph in young and mature and old animals

	Indicators

	Bloodplasma
	Lymph

	
	younganimals
	matureanimals
	oldanimals
	younganimals
	matureanimals
	oldanimals

	WBC –leukocytes
  х103/ μL
	5,0 ±0,2
	7,5± 0,1**
	4,9±0,2
	13,7 ±0,4
	15,2± 0,3*
	12,8±0,5

	RBC – erythrocytes
 х 106 / μL
	7,3 ±0,2
	7,4± 0,2
	6,9±0,4
	0,01±0,002
	0,02±0,003
	0,03±0,004

	HGB – hemoglobin
  g/dL
	14,0± 0,3
	15,0 ±0,3
	15,6±0,5
	-
	-
	-

	Hcthematocrit
%
	48,0 ±4
	45,0± 3,2
	44,3±3,6
	-
	-
	-

	PLT – platelets
 х 103 / μL
	
405 ±14
	
425 ±14
	
477,5±18
	
-
	
-
	
-

	LYM %
	52,0 ±2
	55,5 ±3,4
	52,5±4
	87,2± 0,8
	85,0± 0,8
	95±1,2

	LYM х 103 / μL
	2,6± 0,2
	2,7± 0,3
	2,3±0,4
	11,9 ±0,3
	13,0 ±0,4
	12,2±0,5

	Notes: reliable compared to control,-р<0,5*,  -р<0,01**



The study of ions in blood plasma, lymph and urine did not reveal significant changes in old, mature and young animals, the only thing in the urine Na ions increased by 11.3% in mature animals (Table 3).





Table 3 - The content of ions in blood plasma, lymph and urine in young, mature and old animals
	Indicators

	younganimals

	matureanimals

	oldanimals


	in blood
	

	Саin plasma(ммоль/л)
	0,62 ±0,05
	0,58 ±0,03
	0,52±0,06

	Na+in plasma(ммоль/л)
	142 ±6,0
	140,5 ±5,4
	139,5±7,5

	К+ in plasma(ммоль/л)
	3,95± 0,4
	3,86 ±0,3
	3,75±0,5

	lymph
	

	Саlymph(ммоль/л)
	0,44± 0,04
	0,4± 0,03
	0,36±0,04

	Na+lymph(ммоль/л)
	137,5± 5,4
	135,1± 4,5
	134,0±6,2

	К + lymph(ммоль/л)
	3,48± 03
	3,52± 0,2
	3,40±0,4

	urine
	

	Саurine
	-
	-
	+

	Na+urine(ммоль/л)
	18,5± 2,0
	16,41± 1,02
	15,7±1,01

	К + urine(ммоль/л)
	3,05 ±0,2
	3,14± 0,1
	3,09±0,1

	Notes: reliable compared to control, -р<0,5*,  -р<0,01**



When analyzing the immunological composition of blood and lymph, he also draws attention to an increase in the number of leukocytes by 36% in the blood and by 12% in the lymph in mature animals, but in old rats there was a decrease in their number, an increase in stab and segmented neurophils (Table 4). Received an increase in the number of neutrophils in the blood (stab and segmented), and the lymphocytes decreased in the blood of mature rats, increased in the lymph. In old animals decreased in blood by 52%, and in lymph by 15%. The amount of IgG immunoglobulins in both blood and lymph increased. The number of lymphocyte subpopulations in old animals decreased in blood (especially SD - 16 NK; SD - 20 B-lymph) and some decrease was detected in lymph (Table 4). Interstitial fluid (extracellular) was obtained using the wick method. Its composition in young animals (in mmol / l): Na-135 ± 5; K-4 ± 0.2; Ca-1.1 ± 0.1; Mg-0.6 ± 0.02; Creatine -0.1; Glucose-4.9 ± 0.2; Urea-4 ± 0.1 mmol / l; Protein -0.9 ± 0.1 g / l. In mature animals, Na-139; K-4.3 ± 0.4; Ca-0.9 ± 0.07; Mg-0.5 ± 0.02; Glucose-4.5 ± 0.1; Urea - 4.2 ± 0.3 mmol / l; Protein -1.1 ± 0.2 g / l. in old animals, Na-130 ± 4; K-4.1 ± 0.5; Ca-0.7 ± 0.08; Mg-0.4 ± 0.02; Glucose-4.1 ± 0.2; Urea - 4.4 ± 0.4 mmol / l; Protein -1.1 ± 0.2 g / l. As you can see, the fluctuations were within physiological limits. As you can see, the fluctuations were within physiological limits.

Table 4- Immunological composition of blood and lymph in young, mature and old animals
	Indicators
	blood
	lymph

	
	Young
animals
	Mature
animals
	Old
animals
	Young
animals
	Mature
animals
	Old
animals

	Leukocytes :1х109
	3,97±0,2
	5,4±0,3*
	3,45±0,4
	8,5±0,4
	9,5±0,6
	7,1±0,6

	Neutrophils п/я
	-
	2,8±0,08**
	2,6±0,09
	
	
	

	с/я
	12±1,1
	39±1,4**
	58,3±2,8
	2±0,3
	12±1,2
	9±0,9

	Monocytes
	5,5±0,5
	4,3±0,4
	11,3±0,5
	1±0,07
	2±0,05
	4±0,09

	Eosonophiles
	-
	1±0,02
	1,3±0,03
	
	
	

	Lymphocytes
 %
	82±4
	54±3**
	42,75±5
	84,2±2,2
	92,0±1,8*
	73,3±2,8

	абс.
	3,45±0,4
	2,4±0,2*
	1,6±0,4
	78,4±0,5
	90,5±0,4*
	72,5±0,6

	Immunoglobulins

	IgM
	0,37±0,04
	0,45±0,06
	0,37±0,05
	0,35±0,03
	0,4±0,04
	0,31±0,05

	IgG
	0,62±0,03
	1,8±0,07**
	2,47±0,09**
	0,55±0,08
	0,88±0,06*
	0,79±0,06

	IgA
	0,29±0,03
	0,29±0,02
	0,275±0,02
	0,31±0,02
	0,35±0,04
	0,35±0,06

	IgE
	21,9±0,04
	18,7±0,04
	20,95±0,1
	19,5±1,1
	22±0,9
	21±0,8

	Lymphocytesubpopulations

	Сд – 3 Т-лимф.
	49±2
	58± 4
	35±3
	47± 5
	49 ±4
	43±4

	Сд -4 Т-хелп.
	27±3
	32 ±2
	21,7±3
	28 ±2,2
	29± 2
	26±3

	Сд -8 Т-супр/цит.
	24±1
	24 ±1,5
	9±0,7*
	21 ±1,7
	23± 5
	19±4

	Сд – 16 NK
	12±0,5
	18± 0,8*
	7± 0,9*
	14 ±0,9
	12± 1,1
	11±1,2

	Сд – 20 В-лимф.
	10±0,6
	14,5± 0,6*
	4,25± 0,8*
	12± 1,1
	15± 1,2*
	12±1,4

	Сд-4/ Сд-8(индекс)
	1,1
	1,3
	2,41*
	1,34
	1,26
	1,37

	Notes: reliable compared to control, -р<0,5*,  -р<0,01**



Highly hydrated and fat-free tissue has less electrical resistance than adipose, bone, and epithelial tissue. High-frequency currents pass through the extracellular and intracellular environment, making it possible to assess the fat-free mass, while lower-frequency currents propagate in the extracellular space. Alternating current with a frequency below 40 kHz spreads mainly through the vessels and interstitial gaps, while bending around the cells, the resistivity of which (due to the high ohmic resistance of membranes) is much higher than the resistivity of the liquid media that make up the intracellular fluid [79].
To determine the volume of interstitial fluid, a rheograph “Reo-Mitsar” with its electrical characteristics was used. The frequency of the probing current of its electrodes is from 30-200 kHz, which allowed us to use its low-frequency currents (30-40 kHz) for research purposes. The amount of interstitial fluid in these groups was determined from the changes in the ohmic resistance curves of a group of young and a group of mature and old animals. (The group of young rats is 33 ± 3%; the group of mature rats is 29.5 ± 3.3% of the body weight, in the group of old rats 26.4 ± 3.4% of the body weight). There was a decrease in IL to mature by 11% and to old by 20%.
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This chapter is devoted to the study of the adrenergic innervation apparatus of the lymph nodes at different stages of postnatal ontogenesis, that is, from the first day of life of rat pups to the period of old age. In the available literature there is no information about the adrenergic innervation apparatus in the structure of the lymph nodes at different age periods of life.
The lymphatic system takes an active part in maintaining homeostasis at the cellular, tissue and organismal levels, carrying out a barrier function in the interaction of the organism with the external and internal environment [14,15]. The most important component of the lymphatic system is the lymph nodes. Lymph nodes have a complex structure, up to 80% of the volume of the node is lymphoid tissue. The subcapsular sinus is located under the capsule, and the lymphoid tissue is penetrated by numerous cerebral sinuses, the width of which is 20-60 microns. The endothelial cells lining the sinuses have many processes and, together with the reticular cells, form a complex three-dimensional network in the lumen of the sinuses through which lymph flows [80].Adrenergic nerve fibers enter the lymph nodes in the region. gates as part of the adventitia membranes of intraorgan vessels, forming terminal plexuses in the parenchyma of the node. A particularly dense plexus is found in the adventitia of the arteries. In the walls of the veins, nerve fibers are less pronounced, extending into the parenchyma of the node form bushy branches in themedulla.
At the border of the medulla and cortical substance, a fine-meshed plexus of adrenergic fibers was revealed, which are rarely detected in the cortex. Revealed adrenergic innervation of the paracortical and interfolicular zones, where the fibers come into contact with macrophage reticular cells [81]. The capsule covering the lymph nodes consists mainly of connective tissue elements, between which there are bundles of smooth muscle cells oriented in different directions[81].It has been established that the myocytes of the lymph node capsule rhythmically synchronously contract, leading to an increase in intra-nodal pressure and the displacement of lymph from the node into the outflowing lymphatic vessels [82]. A number of scientific works are devoted to age-related changes in the morphofunctional state of lymphatic vessels and nodes [83,84]. In adulthood, the lymph nodes, performing immune-drainage-detoxification functions in the body, undergo some structural changes [84]. We have shown the formation of the morphophysiological function of the lymphatic system in postnatal ontogenesis [85]. A sharp decrease in the transport function of lymph nodes in conditions of its denervation has been shown [86]. The purpose of this chapter was to identify the features of adrenergic innervation of the lymph nodes in rats in the process of age-related development from birth to old age.
In both young, mature and old rats, lymph node preparations prepared from the concave side, where the lymph node gates are located, through which incoming arteries and nerves pass, and veins and outflowing lymphatic vessels exit, were examined. As our study showed, in rats for 2-7 days in the arteries of the entering lymph nodes, single nerve fibers with weak fluorescence were observed, which indicates a low content of catecholamines in them.
At the end of such single growing nerve fibers, more brightly fluorescent varicose thickenings are found. In rats for 7-15 days, along with the presence of single nerve fibers, the appearance and formation of nerve plexuses occurs, but already from 12-15 days in the arteries entering the lymph node, further development of the adrenergic apparatus occurs, an increase in the number of nerve fibers, the formation of multiple plexuses between them and the appearance along the entire length of varicose thickenings. The density of adrenergic innervation in the arteries of the lymph nodes, characteristic of adult animals, appears already from the 25-30th day of birth (Fig. 1 a, b).
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(a) 						(в)
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(с)
 (a) – Total preparation. Сervical lymph node of a 20-day-old rat, (b) – Total preparation. Сervical lymph node of a 12 month old rat, (с) – Total preparation. Сervical lymph node of a 24-month-old rat.
About. 30, Ok. 6.3x

Figure 1 – Adrenergic nerve fibers in the artery wall  in the area of the neck of the cervical lymph node in rats

Adrenergic nerve plexuses are formed in the wall of arterial vessels entering the cervical lymph node (Figure 1 a, b, c). The figures show that in the wall of the blood vessel of the cervical lymph node, large-looped nerve plexuses, consisting of thick nerve bundles, branch into several thin single nerve fibers. Along the length of single nerve fibers, one can observe the distribution of varicose veins, which give a more intense glow, characteristic of catecholamines. The site of the gate of the lymph node has the highest adrenergic innervation.
On a transverse section (Figure 2 a, b) in the area of ​​the hilum of the popliteal lymph node in the wall of blood vessels, individual adrenergic nerve bundles have bright fluorescence. Small and large varicose thickenings regularly located along the nerve fiber produce brighter fluorescence than the nerve fiber itself.
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(a) 						(в)
 (a) – Cryostat section, lymph node 3 day old rat, (b) – Cryostat section, lymph of a 10-month-old rat.
About. 30, Ok. 6.3x

Figure 2 – Cryostat section of the artery in the popliteal hilus lymph node in rats

Figures 3 a, b show a cryostat section of a blood vessel feeding the mesenteric lymph node. It was noted that brightly fluorescent catecholamine-containing nerve fibers are distributed in the medioventiceal layer. Such nerve fibers leave the vessel wall and penetrate into the surrounding connective tissue of the lymph node.
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(a) 						(б)
(a) – Cryostat section, mesenteric lymph node 10.5 month old rats, (b) – Cryostat section, mesenteric lymph node 22 month old rat.
About. 30, Ok. 6.3x
Figure 3 – Cryostat section of the artery in the area of the hilum of the mesenteric lymph node old rats

The reason for our attention to the site of the lymph node hilus was that this site appeared to have a higher adrenergic innervation. As we noticed, on the preparations of the lymph node gates, individual adrenergic nerve fibers were distributed between the trabeculae, leaving the vascular wall. Initially, these nerve fibers are the adrenergic innervation apparatus of the blood vessel wall, and only a few single thin nerve fibers, separating from the intramural vascular plexus, are distributed among the connective tissue of the lymph node trabeculae.
It is known that in the area of ​​the hilum in the lymph node capsule the greatest number of smooth muscle myocytes is noted. It was generally accepted that in the vascular wall the varicose thickenings of the terminal sections of adrenergic axons, in the area of ​​which the release of catecholamines occurs, are located at certain definite distances from smooth muscle cells [87]. The adrenergic nervous apparatus provides motor transmission of signals from the nerve fiber to smooth muscles, that is, it is involved in the implementation of vasomotor efferent signaling [88]. Consequently, the presence of adrenergic innervation apparatus and smooth muscle cells in the tissue of the lymph nodes affect its contractile function.

[bookmark: _Hlk54347354]3.3 Contractive activity of lymph nodes from different body regions in young, mature and old rats

Without active spontaneous contractions of the smooth muscles of the lymph node capsule, the movement of lymph through them is difficult or impossible [15]. The literature describes the parameters of the contractile function of the lymph nodes and the mechanisms of its regulation in healthy young animals without regard to age [63]. It was of interest to analyze the mechanisms of the contractile function of the lymph nodes in young, mature and old animals.
In the first series of experiments, the parameters (amplitude, frequency) of spontaneous phase contractions of smooth muscles of the lymph node capsule of young animals were investigated. Spontaneous contractions of cervical lymph nodes were recorded with a frequency of 4.0 ± 0.4 s / min. and the amplitude of contractions 6.9 ± 0.3 mg, and in the mesenteric nodes - with a frequency of 5.1 ± 0.2 contractions / min. and an amplitude of 7.2 ± 0.7 ml (Figure 4.5). 
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Designations: on the ordinate - the frequency of contractions per minute on the abscissa: 1 - young, 2 - mature, 3 - old animals.
Figure 4 - Frequency of spontaneous contractions of smooth muscles of the capsule of the mesenteric and cervical lymph nodes in young, mature and old rats
[image: ]








Designations: on the ordinate - the amplitude of contractions in mg, on the abscissa: 1 - young, 2 - mature, 3 - old animals.
Figure 5 - Amplitude of spontaneous contractions of smooth muscles of the capsule of the mesenteric and cervical lymph nodes in young, mature and old rats


When vasoactive substances act on nodes, changes in contractile reactions are noted. A solution of adrenaline in a dose (1x10-8-1x10-3M), when acting on the cervical lymph nodes, in 69% of cases caused contractile reactions with an increase in frequency by 60 ± 1.3% and an increase in the amplitude of contractions by 28 ± 1.4%. The mesenteric lymph nodes of young rats responded with contractile responses in 74% of cases in the form of contractions with increases in frequency by 47 ± 1.4% and in amplitude by 29 ± 1.0%. Acetocholine in a dose (1x10-8-1x10-6M) caused similar reactions. It caused an increase in the frequency of contractions of the cervical lymph nodes in 64% of cases by 45 ± 1.5% and the amplitude by 29 ± 1.1%, and the mesenteric nodes in 71% of cases by 47 ± 1.4% and the amplitude by 29 ± 1. 0% of original values. Under the action of histamine on the cervical lymph nodes in 65% of cases, an increase in the frequency by 40 ± 1.2%, in the amplitude by 30 ± 1.5%, on the mesenteric lymph nodes was noted in 62% of cases, an increase in the frequency of contractions by 32 ± 1.2% , and the amplitudes by 27 ± 0.9% (Figures 6, 7).
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Designations: ordinate - frequency of contractions in%, abscissa: 1 - young, 2 - mature, 3 - old animals. 
Figure 6 - Changes in the frequency of spontaneous contractions of lymph nodes in rats in% relative to the initial parameters under the action of adrenaline, acetylcholine, histamine
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Designations: on the ordinate - the amplitude of contractions in%, on the abscissa: 1 - young, 2 - mature, 3 - old animals.

Figure 7 - Changes in the amplitude of spontaneous contractions of the lymph nodes of rats in% with respect to the initial parameters when exposed to adrenaline, acetylcholine, histamine

In the second series of experiments on mature animals, the following results were recorded: Cervical lymph nodes contracted with a frequency of 3.8 ± 0.5 s / min and an amplitude of 6.8 ± 0.3 mg, and mesenteric nodes with a frequency of 4.7 ± 0.3 / min. and an amplitude of 6.8 ± 0.8 mg(Figures4,5).When vasoactive substances were applied to the nodes of mature rats, we observed the effect of adrenaline in a dose (1x10-8-1x10-3M) on the cervical lymph nodes, an increase in frequency by 54 ± 1.7% of the amplitude by 32 ± 1.5% was observed in 62% of cases. The mesenteric lymph nodes responded in 66% of cases with an increase in frequency by 44 ± 1.5%, and in amplitude by 30 ± 1.2%. Acetylcholine caused an increase in the frequency of contractions of the cervical lymph nodes by 43 ± 1.4% and the amplitude by 27 ± 1.2% in 66% of cases, and the mesenteric nodes increased in 71% of cases by 42 ± 1.7% and the amplitude by 31 ± 1, 3% of the original values.
Under the action of histamine on the cervical lymph nodes, an increase in frequency by 37 ± 1.3% and an amplitude by 24 ± 1.5% was noted in 62% of cases, on the mesenteric lymph nodes in 59% of cases, the frequency of contractions increased by 30 ± 1.1% and an amplitude of 24 ± 1.1% (Figures 6, 7). In the third series of experiments on old rats, we observed a slightly different picture. The frequency of contractions of the smooth muscles of the cervical lymph nodes of old rats was 5.8 ± 0.5 contractions / min, and the amplitude was 3.9 ± 0.4 mg.
In the mesenteric lymph nodes, the frequency is 6.9 ± 0.3 contractions / min, and the amplitude is 3.8 ± 0.8 mg (Figures 4, 5). Vasoactive substances affected isolated lymph nodes as follows. Adrenaline at a dose (1x10-6-1x10-5M) in 57% of cases increased the amplitude of the cervical lymph nodes by 16 ± 1.0% and the frequency by 55 ± 1.6%, and the mesenteric lymph nodes in 52% of cases decreased with an increase in amplitude. by 17 ± 1.6% and frequency by 55 ± 1.6%.Acetylcholine (1x10-6-1x10-4M) in 54% of cases increased the amplitude of contractions of the cervical lymph nodes by 11 ± 1.5%, and the frequency by 32 ± 1.5% and the amplitude of the mesenteric lymph nodes by 15 ± 1.7% and frequencies by 38 ± 1.4%. Histamine (1x10-6-1x10-4M) led in 50% of cases to an increase in the amplitude of the cervical lymph nodes by 8 ± 1.4% and to an increase in the frequency by 18 ± 1.7% and mesenteric nodes which increased in 52% of cases, the amplitude by 11 ± 1.2% and frequency by 16 ± 0.9% (Figure 6.7).
Thus, our study showed that the contractile function of the smooth muscles of the capsule of the lymph nodes of both cervical and mesenteric lymph nodes undergoes changes with age.


[bookmark: _Hlk54347374]3.4 Ratio of functional zones of lymphatic nodes and microstructure of lymphoid tissue in nodes of different localization in young, mature and old rats a) neck node b) meses

А) Cervical knot. Young animals. The morphofunctional state of the cervical lymph nodes is closely related to the drainage of the organs of the head and neck. It is obvious that a change in the function of these organs causes a certain restructuring of the lymph nodes. In young animals, the structural and functional zones in the structure of the lymph node acquire special significance, since the size of the functional compartments serves as the basis for an objective assessment of the state of the lymphoid tissue. In white rats, the cervical lymph nodes have an elongated shape and are located on the right and left in the subcutaneous tissue. In the anatomical structure of the cervical lymph node, a fairly high proportion is noted, occupied by such structures as lymphoid nodules, the internodal part of the cortex, the paracortical region, and the cords of the brain. Developed structural and functional zones in the lymph node indicate a fairly high immune potential in young animals (Table 5).



Table 5 - The area of ​​the structural and functional zones of the cervical lymph node in young, mature and old animals,%
	Lymphnodestructure
andindices
	young
	mature 
	old
	P,

	
	1
	2
	3
	

	Capsule
	1,560,15 (4,78%)
	1,75 0,15
(5,2%)
	4,70,26 (17,14%)
	P1-3< 0,001


	Subcapsularsinus
	1,450,17 (4,45%)
	1,46 0,2
(4,6%)
	1,440,16 (5,25%)
	P1-3> 0,05


	Internodalpartofthecortex
	4,940,62 (15,16%)
	4,85 0,5
(15,0%)
	3,980,21 (14,52%)
	P1-3> 0,05


	Lymphoid nodule without germinal center (F1)
	1,970,12 (6,04%)
	1,92 0,15
(5,95%)
	2,070,14 (7,55%)
	P1-3> 0,05


	Lymphoid nodule
with a germinal center (F2)
	3,850,20 (11,81%)
	3,7 0,3
(11,2%)
	1,420,14 (5,18%)
	P1-3< 0,001


	Paracorticalregion
	9,010,76 (27,65%)
	8,9 0,52
(27,1%)
	6,70,55 (24,44%)
	P1-3< 0,05


	Braincords
	8,330,29 (25,56%)
	8,25 0,35
(25,3%)
	6,060,33 (22,11%)
	P1-3< 0,001


	Cerebrallymphaticsinus
	1,470,34 (4,38%)
	1,54 0,04
(4,49%)
	1,040,14 (3,79%)
	P1-3> 0,05


	totalarea
	32,581,57 (100%)
	31,99 1,7
(100%)
	27,411,23 (100%)
	P1-3< 0,05


	Cortical-cerebral ratio
(индексК/М)
	2,320,08
	2,3±0,06
	2,860,08
	P1-3< 0,001


	F2 / F1 index
	1,950,11
	1,92±0,09
	0,690,12
	P1-3< 0,001

	Notes: reliable compared to control, -р<0,5*,  -р<0,01**



In the cortex, lymphoid nodules with a germinal center predominate, indicating the activity of lymphaproliferative processes in young animals (Figure 8). In the structure of the lymph node, the sinus system is small in size and is represented mainly by subcapsular and cerebral lymphatic sinuses. The cervical lymph nodes are compact type nodes, and their cortical-cerebral ratio (C / M index) is 2.32 ± 0.08 in young animals. The microanatomical organization of the cervical lymph nodes is characteristic of the immune function, which determines their functional specialization in the lymphatic region
[image: ]
Young animals. Staining with hematoxylin and eosin. Total magnification 120x.

Figure 8 - Dilated germinal centers in the lymphoid nodules of the cortex in front of the dilated part of the subcapsular sinus

Mature animals. The examination of the cervical lymph nodes at the stage of mature ontogenesis did not reveal the morphological equivalent of a decrease in the immune function. In comparison with young animals, there was no change in the lymph node sectional area. Cortical-cerebral index (2.3 ± 0.06). The cortex predominates over the medulla in the same proportion as in young animals (Table 5). The number of lymphoid nodules was identical to the young.
Old animals. Investigation of cervical lymph nodes at a late stage of ontogenesis revealed morphological equivalents of reduced immune function. In comparison with young animals, a decrease in the cross-sectional area of ​​the lymph node was established, which reflects the process of involution of the lymphoid tissue during aging. Compaction of the lymph node with a sufficiently high cortical-cerebral index (2.86 ± 0.08) is increasing. The cortex predominates over the medulla against the background of a decrease in the area occupied by the lymphatic sinuses in the lymph node. With age, there is an increase in connective tissue in the lymph node. First of all, this is expressed in the thickening of the capsule area (3 times) and the development of connective tissue around the blood vessels (Table 5). Part of the lymph node can be replaced by adipose tissue (Figure 9). In such a lymph node it is difficult to differentiate the cortical and medulla. The importance of fibrosis and replacement of lymphoid tissue by adipose tissue for the development of immune deficiency in old age cannot be ruled out. This is facilitated by prolonged contact of the oral cavity with the external environment, which is reflected in the anatomical structure of the regional cervical lymph node.
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Old animals. Staining with hematoxylin and eosin. Total magnification 120x.

Figure 9 - Fat replacement of lymphoid tissue of a part of the lymph node

In the cortical substance between the lymphoid nodules is the inter-nodular part of the cortex, and on the border with the medulla there is the paracortical region. The inter-nodular part and the paracortical region are referred to as the thymus-dependent zone. The structures of the cortical substance undergo involutive changes, which is expressed in a decrease in the areas of the internodal part of the cortex (by 1.4 times), lymphoid nodules with a germinal center (by 2.7 times), and the paracortical region (by 1.3 times) at the late stage of ontogenesis ( table 5).
In the lymphoid nodules of the preserved lymph nodes, cells with elements of destruction are observed (Figure 10). Simultaneously with age, the structures of the brain matter - brain cords and cerebral lymphatic sinus - decrease in size. The extreme degree of age-related transformation is sufficient lymphoid infiltration at the site of the previously located lymph node (Figure 11).
Analysis of the ordering of structures within the lymph node showed that in old animals the size of most of the structural and functional zones decreases against the background of an increase in the connective tissue component in comparison with young and mature animals. The ongoing decrease in the area of ​​the lymphoid parenchyma of the cervical lymph node is associated with a decrease in its immunoreactivity at the late stage of ontogenesis.
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Old animals. Staining with hematoxylin and eosin. Total magnification 480x.
Figure 10 - Lymphoid nodule with destructive cells
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Old animals. Staining with hematoxylin and eosin. Total magnification 240x.
Figure 11 - Lymphoid infiltrate at the site of the lymph node

[bookmark: _Hlk54347395]В) Mesenteric lymph node. Young animals are a peripheral lymphoid organ of high immune activity due to the constant work of the digestive tract. The abdominal location determines the design of the mesenteric lymph nodes, which is characteristic of the compact morphotype according to the classification of Yu. I. Borodin [34, 36]. The mesenteric node has a thin capsule that surrounds it and gives inward weak trabeculae. In the structure of the lymph node of young animals, the cortical substance predominates, judging by the value of the cortical-cerebral ratio, equal to 2.14 ± 0.09 (Table 6). In the cortex, the presence of lymphoid nodules with and without the germinal center was noted (Figure 12).
Their ratio is 1.36 ± 0.11 (Table 6), which indicates an active lymphopoietic function in the lymph node. The medulla is well developed, represented by large cords and wide lymphatic sinuses (Figure 13). Structural and functional zones are developed evenly in the cortex and medulla, which determines a mixed morphological variant of the structure of the lymph node with a sufficiently wide sinus system, indicating the simultaneous performance of the immune and drainage functions.
Mature animals. In the mature state, no changes were revealed in the structural organization of the mesenteric lymph nodes, which is shown by the morphometric data of the dimension of the structural and functional zones. At the stage of mature ontogenesis, the area of ​​the capsule is slightly increased by 2.35 ± 0.1 in comparison with young 2.14 ± 0.09. The elements of the lymph node medulla in young and mature animals were identical.
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Young animals. Staining with hematoxylin and eosin. Total magnification 120x.
Figure 12 - Dilated germinal centers in lymphoid nodules mesenteric lymph node
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Young animals. Staining with hematoxylin and eosin. Total magnification 120x. 
Figure 13 - A fragment of a lymph node with a wide lumen of the cerebral lymphatic sinus and large cerebral cords

Table 6 - The area of ​​structures and indices of the mesenteric lymph node of young, mature and old animals,%
	Lymphnodestructure
andindices
	young
	mature
	old
	P,

	
	1
	2
	3
	

	Capsule
	5,720,19 (9,26%)
	5,95 0,22
(9,38%)
	9,430,45
(14,93%)
	P1-3< 0,001


	Subcapsularsinus
	4,570,17 (7,40%)
	4,55 0,2
(7,35%)
	3,380,27 (5,35%)
	P1-3< 0,01


	Internodalpartofthecortex
	7,740,31 (12,53%)
	7,84 0,25
(12,7%)
	3,780,24 (5,98%)
	P1-3< 0,001


	Lymphoid nodule
without germinal center (F1)
	4,180,17 (6,77%)
	4,12 0,19
(6,57%)
	3,320,22 (5,26%)
	P1-3< 0,01


	Lymphoid nodule
with a germinal center (F2)
	5,690,19 (9,21%)
	5,52 0,2
(9,05%)
	3,030,26 (4,80%)
	P1-3< 0,001


	Paracorticalregion
	16,020,56 (25,93%)
	16,15 0,43
(27,4%)
	14,290,54 (22,63%)
	P1-2< 0,05


	Braincords
	10,550,24 (17,07%)
	11,3 0,35
(19,4%)
	22,030,72 (34,88%)
	P1-3< 0,001


	Cerebrallymphaticsinus
	7,310,29 (11,83%)
	7,4 0,25
(12,9%)
	3,890,35 (6,16%)
	P1-3< 0,001


	totalarea
	61,781,91 (100%)
	62,832,9
(100%)
	63,161,59 (100%)
	P1-3> 0,05


	Cortical-cerebral ratio
 (индексК/М)
	2,140,09
	2,350,1
	1,070,11
	P1-3< 0,001


	F2 / F1 index

	1,360,11
	1,341,05
	0,910,08
	P1-3< 0,001


	Notes: reliable compared to control, -р<0,5*,  -р<0,01**



Old animals. With aging, the structural organization of the mesenteric lymph nodes changes, which is confirmed by the morphometric data on the dimensions of the structural and functional zones. At the late stage of ontogenesis, the areas of the capsule (1.6 times), the brain cords (2.1 times) and the sizes of the subcapsular and cerebral lymphatic sinuses (1.3 and 1.9 times, respectively), the internodal part of the cortex ( 2.1 times), lymphoid nodules with a germinal center (1.9 times), paracortical region by 12%.
The changes relate to the structures of the cortical and medulla of the lymph node, demonstrating age-related involution of the lymphoid tissue, although its degree may be different (Figure 13). The peripheral lymphoid cortex narrows and concentrates closer to the capsule, the deep part of the cortex is divided by the penetrating medulla. Moreover, most of the structure of the lymph node is represented by the reticular stroma. Connective tissue replaces lymphoid tissue, expanding perivascular and in the parenchyma of the lymph node (Figure 13).
Minimization of the main structural and functional areas, especially lymphoid nodules with germinal centers, indicates a decrease in cell proliferation and, as a consequence, the immune potential of the lymph node. The lymphatic sinus system appears narrow on specimens, indicating decreased drainage function of the lymph node (Figure 12, 13). Due to the predominance of the medulla in old animals, an intermediate variant of the morphological structure of the lymph node is formed (the K / M index is 1.07 ± 0.11) with an immune response according to the humoral type. This morphotype is considered optimal for the lymph node, but it cannot be recognized as such completely due to age-induced changes.
It is obvious that senile changes are accompanied by a decrease in the functional activity of the lymph node.When analyzing the mesenteric lymph node of old animals, in 30% of cases, there was an increase in the area of ​​the structures of the cortex due to hyperplasia of the paracortical region. The size of the paracortical region was 28.92 ± 1.27%, and the size of the brain cords - 8.76 ± 0.51% against the background of wide germinal centers of lymphoid nodules in this group of animals. Cerebral lymphatic sinuses remain narrow and constitute 2.52 ± 0.26%.The results of morphometry of the mesenteric lymph node differ from the data in the group of animals, where the predominance of the medulla was revealed (Table 6). The data obtained are typical for a lymph node with a compact morphotype, when the development of a thymus-dependent zone responsible for the cellular link of the immune response takes place. 

[bookmark: _Hlk54347411]3.5 Medicinal plants inhibiting aging processes in the body

3.5.1  Screening studies of the substances of medicinal plants isolated by Kazakhstani scientists for the cardiovascular and lymphatic systems
Plants attract the attention of researchers as a source of valuable biologically active substances: terpenoids, flavonoids, coumarins, alkaloids, which are promising for practical use in medicine and pharmacy. Recently, there has been a clear trend towards wider use of herbal preparations in medical practice, the advantages of which are in their harmlessness and effectiveness of therapeutic action [89]. Dietary supplements made from plant materials rich in antioxidants, vitamins, trace elements, etc. have a stimulating effect on the lymph flow, activation of the protein-synthesizing apparatus, cells of the lymphoid organs, thereby increasing their participation in lymphatic stimulation, lymphocorrection and lymphoprotection. [90].
The experiments were carried out on 60 old white laboratory rats of the Wistar line. Medicinal herbs used in our experiments consisted of industrial significant Kazakhstani plants (Zizifora Bunge, Almatinsky hawthorn, St. We also used a carbonic substance obtained from the herbs of Zizifor Bunge and a substance obtained from the fruits of hawthorn. (School of Pharmacy of KazNMU named after Asfendiyarov). From other herbs, we used echinacea, St. John's wort, kopeck, and bergenia to prepare decoctions. The substances were dissolved in drinking water and we gave herbal decoctions to the animals for 1 month. Each group of animals had 10 hours. In total, there are 6 names in the groups of medicinal herbs. The animals were taken for the experiment after 30 days. Lymph flow, urine output, heart rate, blood pressure, coagulability, blood and lymph viscosity, plasma volume by hematocrit, weight of animals were determined

Table 7 - Screening studies of medicinal plant substances and herbal decoctions isolated by Kazakhstani scientists for the cardiovascular and lymphatic systems.
	Oldanimals +herbs
	LymphaticMl \ min
100г 
	Diuresis
Ml / min
100г 
	Bloodclotting
Min.
	Lymph
clotting
Min.
	Bloodviscosity
Р.
	Viscosityoflymph
Р.
	Hematocrit %
	Theweight

	ZiziforaBunge
	2,3±0,18
	0,0016±
0,00007
	3,3±0,4
	3,52±0,6
	4,9±0,4
	4,3±0,5
	45,1±3,9
	350±20

	Hawthorn
	2,4±0,16
	0,0018±
0,0001
	2,9±0,5
	3,1±0,5
	4,9±0,5
	3,9±0,4
	45,4±3,8
	360±22

	St. John'swort
	1,7±0,15
	0,00011±
0,00002
	3,2±0,4
	3,3±0,6
	4,4±0,6
	4,2±0,5
	44,5±4
	344±20

	Echinacea
	1,8±0,16
	0,0001±
0,00003
	3,1±0,60
	3,2±0,5
	4,5±0,6
	3,9±0,5
	44,6±4
	332±18

	Penny
	2,4±0,18
	0,00015±
0,00004
	3,4±0,6
	3,5±0,6
	4,7±0,7
	4,2±0,7
	45,1±4,1
	362±23

	Badan
	2,3±0,2
	0,00017±
0,00004
	3,3±0,4
	3,5±0,7
	5,1±0,7
	4,6±0,6
	44,8±3,8
	354±21

	Oldanimals
	1,6±0,16
	0,00099±
0,00002
	2,88±0,5
	2,95±0,6
	4,5±0,5
	3,6±0,5
	44,3±3,6
	384±22


The blood pressure of the animals was determined in a group of old rats 108 ± 6 mm / Hg. After medicinal herbs ZB -104 ± 5, BA-109 ± 8, ZO-102 ± 5, EP-104 ± 5, K-102 ± 7, BT-101 ± 4mm / Hg. HR was recorded in old animals 449 ± 14. After the use of medicinal herbs ZB-398 ± 20, BA-404 ± 16, ZO-440 ± 14, EP-435 ± 18, K-429 ± 12, BT-406 ± 15 beats per minute. When analyzing the data after the use of medicinal herbs, it can be noted that they have an effect on the body of animals after a month of their administration and have lymphatic stimulating, corrective, protective effects on the body. All the parameters studied are close to the figures obtained in animals of a younger age.

3.5.2  The effect of the new phytocomposition on the functions of the lymphatic system
The herbal collection was compiled according to the pharmacotherapeutic principle, taking into account the lymphotropic effect of medicinal plants. The composition of the collection has been adjusted so that it consists of phytocomponents containing medicinal plants for the implementation of the effect of lymphostimulation and lymphoprotection, etc. It includes the substances of ZB and BA and herbal decoctions ZO, EP, K, BT and iodine from Balm Revival.
The lymphatic system in old animals was 6.1 ± 0.6 μl / min. with a weight of 384.6 ± 22 g or 1.6 ± 0.16 per 100 g. body weight. After phytotherapy 7.2 ± 0.7 μl / min with a weight of 339.9 ± 19 g. or 2.1 ± 0.17 per 100 g of body weight (p <005).
Blood coagulability in old animals is 2.88 ± 0.5 minutes, and after phytocomposition, 3.44 ± 0.6 minutes. In the lymph 2.95 ± 0.6 min. and 3.62 ± 0.5 min. The blood viscosity in old animals is 4.5 ± 0.5 r, and after phytocomposition is 4.77 ± 0.65 r. In the lymph 3.6 ± 0.5 r. and 3.9 ± 0.7 rubles. respectively. The volume of plasma in terms of geiotocrit in old animals is 44.3 ± 3.6 after phytocomposition is 44.8 ± 2.7. HR in old rats was 449 ± 14, and after phytocomposition 460 ± 19 per min. (BP) in old rats 108 ± 6, after phytocomposition 105 ± 7 mm. Diuresis was 0.99 ± 0.02 after phytocomposition 1.4 ± 0.080 μl / min. per 100 gr. body weight. We also found a decrease in cholesterol and triglycerides and total lipids in blood and lymph after phytocomposition. (cholesterol - 11%; triglycerides - 9%; total lipids - 12%; respectively). Glucose remained within the same range or increased by 6% in the blood and 3% in the lymph (Table 8).





Table 8 - Biochemical parameters of blood plasma and lymph in old animals and after phytocomposition
	
Parameters
	blood plasma
	lymph

	
	old animals
	after phytocomposition
	old animals
	after phytocomposition

	Urea, mmol /l
	5,33±0,7
	5,4±0,8
	5,59±0,7
	4,5±0,6*

	Bilirubin,kmol
	1,72±0,75
	3,6±0,8*
	0,6±0,03
	3,4**

	Creatinine, Mcmol / l
	50,33±4,1
	47,1±3,5
	44,33±2,7
	52±3

	Glucose, mmol
	2,8±0,21
	2,1±0,19*
	3,9±0,19
	1,8±0,2*

	Totalprotein, g
	67,8±0,9
	58,1±2
	39,6±0,5
	41,5

	α-amylase, U / L
	669,4±62
	507,2*
	382,4±49
	334±28*

	ALAT, mkkat
	250,95±22
	236±25
	151,9±9,9
	181±12

	AsAT, mkkat
	167,6±11
	144±18
	204,2±13,5
	202±14

	Totalcholesterolmol /l
	1,9±0,03
	1,18*
	1,8±0,06*
	1,1±0,08*

	Triglycerides, mol / l
	1,2±0,1
	0,48±0,09**
	0,79±0,07
	0,64±0,09

	Totallipids, g / l
	1,78±0,04
	1,15±0,08
	1,8±0,08
	0,66±0,08*

	Alkalinephosphatase, U / l
	387±14
	339±19
	496±18
	-

	Notes: significant compared to control-р<0,5*,  -р<0,01**



Biochemical parameters of blood and lymph in old animals: fluctuated in the same values. When analyzing the results of the cellular composition of lymph and blood, we found in old rats after phytocomposition an increase in leukocytes in the blood by 8% and in the lymph by 3% compared with animals without phytocomposition (Table 9). Erythrocytes slightly increased after phytocomposition by 5.1% in comparison with old animals. Hemoglobin did not change after phytocomposition The platelets in the blood after phytocomposition remained almost unchanged (decreased by 6%)
The study of ions in the blood plasma,lymph and urine did not reveal significant changes in older animals and animals after fitokompozitsiya.

Table 9 - Cellular composition of blood and lymph in old animals and after phytocomposition
	Indicators
	blood
	Lymph

	
	old animals
	after phytocomposition
	old animals
	after phytocomposition

	WBC – leukocytes  х103/ μL
	4,9±0,2
	5,3±0,3
	12,8±0,5
	13,2±0,3*

	RBC – erythrocytes х 106 / μL
	6,9±0,4
	7,2±0,5
	0,03±0,004
	0,04±0,006*

	HGB – hemoglobin g/dL
	15,6±0,5
	16,4±0,7
	-
	

	Hct – the hematocrit %
	44,3±3,6
	4,81±3,9
	-
	

	PLT – thrombocyte х 103 / μL
	
477,5±18
	449±24

	
-
	


	LYM %
	52,5±4
	50,9±6
	95±1,2
	97±1,4

	LYM х 103 / μL
	2,3±0,4
	2,5±0,4
	12,2±0,5
	12,5±0,6

	Примечания: достоверно по сравнению с контролем, -р<0,5*,  -р<0,01**



Table 10 – Content of ions in blood plasma, lymph and urine in old animals after fitokompozitsiya

	Indicators
	Old rat
	old animals after phytocomposition

	in the blood

	Са  in plasma (mmol / l)
	0,52±0,06
	0,59±0,09

	Na+ in plasma (mmol / l)
	139,5±7,5
	144,4±6,9

	К + in plasma (mmol / l)
	3,75±0,5
	4,45±0,9

	in the lymph

	Са in lymph (mmol / l)
	0,36±0,04
	0,40±0,06

	Na+ in lymph (mmol / l)
	134,0±6,2
	140,5±7,2

	К + in lymph (mmol / l)
	3,40±0,4
	3,5±0,5

	in urine

	Са    in urine
	+
	-

	Na+ in urine
	15,7±1,01
	16,5±0,8

	К + in urine
	3,09±0,1
	3,2±0,1

	Notes: reliable compared to the control, -р<0,5*,  -р<0,01**


When analyzing the immunological composition of blood and lymph, he also draws attention to an increase in the number of leukocytes by 95% in the blood and by 53% in the lymph in old animals after phytocomposition (Table 11). Got an increase in neutrophils in the blood and lymph (stab and a decrease in segmented) and monocytes. Lymphocytes increased in blood and lymph. After phytocorrection, they decreased in blood by 52%, and in lymph by 15%. The amount of IgM immunoglobulins increased both in the blood and in the lymph. but only lymph IgA, IgE. The number of lymphocyte subpopulations in old animals decreased after phytocomposition in the blood (especially SD - 16 NK; SD - 20 B-lymph) and increased in the lymph (SD-16, SD-20) (Table 11).
Interstitial fluid (IL) was obtained using the wick method. Its composition in old animals: glucose - 4.3 ± 0.3, urea - 4.6 ± 0.3. In old animals after phytocomposition Na-130 ± 4; K-4.1 ± 0.5; Ca-0.7 ± 0.08; Mg-0.4 ± 0.02; Glucose-4.1 ± 0.2; Urea - 4.4 ± 0.4 mmol / l; Protein -1.1 ± 0.2 g / l. As we can see, in old animals after phytocomposition, fluctuations were within physiological limits. 

Table 11. Immunological composition of blood and lymph in old animals and animals after phytocomposition
	Indicators

	blood
	lymph

	
	old animals
	animals after phytocomposition 
	old animals
	animals after phytocomposition 

	Leukocytes
:1х109
	3,45±0,4
	6,74±0,6**
	7,1±0,6*
	10,8±0,9**

	Neutrophils
п/я
	2,6±0,09
	3,2±0,1
	-
	-

	с/я
	58,3±2,8
	46,5±2,9*
	9±0,9*
	7,1±1

	Monocytes
	11,3±0,5
	3,6±0,8*
	4±0,09*
	2,2±0,07

	Eosonophiles

	1,3±0,03
	1,8
	
	

	Lymphocytes
 %
	42,75±5
	45,9±7*
	73,3±2,8
	64,4±3,2

	абс.
	1,6±0,4
	3,1±0,5**
	72,5±0,6
	



Continued table 11
	1
	2
	3
	4
	5

	Immunoglobulins

	IgM
	0,37±0,05
	0,40±0,07
	0,31±0,05
	0,33±0,06

	IgG
	2,47±0,09
	2,1±0,1*
	0,79±0,06
	0,69±0,07

	IgA
	0,275±0,02
	0,16±0,03*
	0,35±0,06
	0,41±0,08

	IgE
	20,95±0,1
	20,3±0,2
	21±0,8
	24±1,1

	Lymphocytesubpopulations

	Сд – 3 Т-лимф.
	58± 4
	38,2±6*
	43±4
	49,6±6

	Сд -4 Т-хелп.
	21,7±3
	19±3
	26±3
	24,2±2

	Сд -8 Т-супр/цит.
	24 ±1,5
	17,2±1,9*
	19±4
	23±3

	Сд – 16 NK
	7±0,9
	10,2±0,1*
	11±1,2
	18±0,9

	Сд – 20 В-лимф.
	14,5± 0,6
	12,4±0,6
	12±1,4
	16,5±1,5

	Сд-4/ Сд-8
	0,9*
	1,11
	1,37
	1,06

	Notes: reliable compared to control, -р<0,5*,  -р<0,01**



To determine the volume of IL, a rheograph״Reo-Mizar with its electrical characteristics was used. The frequency of the probing current of its electrodes is from 30-200 kHz, which allowed us to use its low-frequency currents (30-40 kHz) for research purposes. The amount of IL in these groups was determined from the changes in the ohmic resistance curves of a group of old animals and old animals after phytocomposition. (Old rats 26.2 ± 3.4% of body weight, in the group of old rats after phytocomposition 28.9 ± 3.5% of body weight). There was a slight increase in IL in old animals after phytocomposition by 10.3%.
Adrenergic innervation of lymphatic vessels and nodes after phytocomposition
Adrenergic nerve fibers enter the lymph nodes in the region. gates as part of the adventitia membranes of intraorgan vessels, forming terminal plexuses in the parenchyma of the node. A particularly dense plexus is found in the adventitia of the arteries. In the walls of the veins, nerve fibers are less pronounced, extending into the parenchyma of the node form bushy branches in the medulla. On the border of the medulla and cortical substance, a fine-meshed plexus of adrenergic fibers was revealed, which are rarely detected in the cortex.
Revealed adrenergic innervation of the paracortical and interfollicular zones, where fibers come into contact with macrophage reticular cells [85]. The capsule covering the lymph nodes consists mainly of connective tissue elements, between which there are bundles of smooth muscle cells oriented in different directions [80]. It has been established that the myocytes of the lymph node capsule rhythmically synchronously contract, leading to an increase in intra-nodal pressure and the displacement of lymph from the node into the outflowing lymphatic vessels [82].
A number of scientific works are devoted to age-related changes in the morphofunctional state of lymphatic vessels and nodes [58]. Lymph nodes, performing immune-drainage-detoxification functions in the body, undergo some structural changes.
The thoracic lymphatic duct (HLD) is the largest lymphatic vessel in the body of mammals and humans, collecting lymph from 80 - 90% of the body. It distinguishes between the abdominal, thoracic and cervical parts of the thoracic duct.
The microanatomy of the lymphatic vessel wall and the largest of them, the HLP, has common features with the organization of the blood vessel wall. In particular, its general topography is similar to the plan of the structure of the wall of large venous vessels, that is, intima, media and adventitia can be distinguished in it, however, the boundaries between these layers are not sharply expressed [85]. The medial layer of HLP in humans and animals is represented by muscle fibers arranged in three layers (longitudinal, circular and again longitudinal).
The inner surface of the GLP is lined with endothelium, whose cells in animals are mushroom-shaped and protrude into its lumen [85]. Studies of the ultrastructure of the rabbit HLP wall showed that sling filaments are attached at one end to endothelial cells, and at the other to the basement membrane of smooth muscle cells [82]. In addition, sling filaments are involved in regulating the distance between adjacent endothelial cells and prevent collapse of the walls of lymphatic capillaries during tissue edema. Human GLP vascularize from 124 to 160 supplying arteries (esophageal, intercostal, bronchial, lumbar).
Intramural innervation of the GLP, consists of smooth muscle cells of this vessel, equipped with motor nerve endings in the form of "buttons" and "pockets". Such receptor apparatuses are found in all layers of the wall of the GLP. The contractile activity of the lymphatic vessels themselves has long attracted the attention of researchers. The motor activity of the lymphatic vessels is understood to mean both "spontaneous" rhythmic contractions of the vessels, and their ability to respond with changes in their lumen in response to neurogenic and humoral influences.
In old rats and rats after phytocomposition, preparations of lymph nodes and preparations of SOD were studied. As our study showed, the identification of catecholamines in the wall of arterial vessels of the gates of the lymph nodes and in the tissues of the lymph nodes themselves, in old rats, it showed the presence of developed adrenergic innervation, which is represented by shedding from fibers with regularly spaced varicose veins of the same size (Fig. 14,16). The figures show that in the wall of the blood vessel of the cervical lymphatic nerve plexus, consisting of thick nerve bundles, branch into several thin single nerve fibers. Along the length of single nerve fibers, one can observe the distribution of varicose veins, which give a more intense glow, characteristic of catecholamines. The site of the gate of the lymph node has the highest adrenergic innervation. But in old animals, in comparison with mature ones, a decrease in the number and size of varicose enlargements is observed, and in a number of cases we observed an intermittent glow of the nerve fiber - the disappearance of catecholamines in the nerve fiber by sections. The reason for our attention to the site of the lymph node hilus was that this site appeared to have a higher adrenergic innervation. As we noticed, on the preparations of the lymph node gates, individual adrenergic nerve fibers were distributed between the trabeculae, leaving the vascular wall. Initially, these nerve fibers are the adrenergic innervation apparatus of the blood vessel wall, and only a few single thin nerve fibers, separating from the intramural vascular plexus, are distributed among the connective tissue of the lymph node trabeculae. The adrenergic nervous apparatus provides motor transmission of signals from the nerve fiber to smooth muscles, that is, it is involved in the implementation of vasomotor efferent signaling.
In rats, after phytocomposition, an increase in the luminescence along the course of the nerve fibers was observed, as well as an increase in the luminescence of varicose dilations, which in some cases again merge into fibers. On a cross section (Fig. 17) in the area of ​​the hilum of the popliteal lymph node in the wall of blood vessels, individual adrenergic nerve bundles have a brighter fluorescence than in old animals. Small and large varicose thickenings regularly located along the nerve fiber produce brighter fluorescence than the nerve fiber itself. In old animals (22-24 mx) the adrenergic innervation of the HLP is represented by plexuses in the duct wall, there are nerve fibers located in the vasa vusorum and the terminal branches extending from them heading to the duct wall. But this whole picture looks much poorer in fluorescence brightness than a group of younger rats. In these plexuses, only single varicose enlargements are present, and in some fibers they are completely absent, and the terminal branches from the vasa vusorum become much smaller. (Fig 14)
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a) – adrenergic nerve fibers. Adrenergic innervation of HLP in old rats after  hytocomposition is represented by plexuses of fluorescent fibers with more intense varicose veins with regularly spaced equal size varicose veins, which also fluoresce more brightly than in rats without phytocomposition, and fluorescent compounds appear between them.

Figure 14 - Total preparation of the upper third of the SODI of an old rat (24th)
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Figure 15 - Total preparation of the upper third of SODI of an old rat after phytocorrection
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Figure 16 - Cryostat section of the artery in the area of the hilum of the mesenteric lymph node 22 month old rats
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Figure 17 –  Cryostat section of the mesenteric lymph node of an old rat after phytocorrection 

Contractile activity of lymph nodes after phytocomposition In the first series of experiments on old rats, we observed a slightly different picture. The frequency of contractions of the smooth muscles of the cervical lymph nodes of old rats was 5.8 ± 0.5 contractions / min, and the amplitude was 3.9 ± 0.4 mg. In the mesenteric lymph nodes, the frequency is 6.9 ± 0.3 contractions / min, and the amplitude is 3.8 ± 0.8 mg (Fig. 19.20). Vasoactive substances affected isolated lymph nodes as follows.
Adrenaline at a dose (1x10-6-1x10-5M) in 57% of cases increased the frequency by 55 ± 1.6% and the amplitude of the cervical lymph nodes by 16 ± 1.0%, and the mesenteric lymph nodes in 52% of cases decreased with an increase in frequency by 55 ± 1.6% and amplitude by 17 ± 1.6%. Acetylcholine (1x10-5-1x10-4M) in 54% of cases caused an increase in the frequency by 32 ± 1.5% of the amplitude of contractions of the cervical lymph nodes by 11 ± 1.5%, and in the mesenteric lymph nodes the frequency increased by 38 ± 1.4 %. and an amplitude of 15 ± 1.7%.
Histamine (1x10-5-1x10-4M) led in 50% of cases to an increase in frequency by 18 ± 1.7% and an increase in the amplitude of the cervical lymph nodes by 8 ± 1.4% of mesenteric nodes, which increased in 52% of cases, the frequency by 16 ± 0.9% and an amplitude of 11 ± 1.2% (21.22). In the second series of experiments on old animals and after exposure to phytocomposition, the following results were recorded: Cervical lymph nodes contracted with a frequency of 4.2 ± 4 s / min and an amplitude of 5.3 ± 0.5 mg, and mesenteric nodes with a frequency of 5.6 ± 0, 5 abbreviations / min. and an amplitude of 5.4 ± 0.6 mg (Fig. 1, 2, 3). When acting on the nodes of old rats with vasoactive substances, we observed the effect of adrenaline in a dose (1x10-6-1x10-5M) on the cervical lymph nodes, an increase in frequency by 42 ± 1.8% of the amplitude by 28 ± 1.4% was observed in 67% of cases. The mesenteric lymph nodes responded in 69% of cases with an increase in frequency by 42 ± 1.6%, and in amplitude by 28 ± 1.3%. Acetylcholine caused (1x10-5-1x10-4M) in 66% of cases an increase in the frequency of contractions of the cervical lymph nodes by 40 ± 1.4% and the amplitude by 27 ± 1.2%, and the mesenteric nodes contracted in 71% of cases by 42 ± 1 , 7% and amplitudes by 31 ± 1.3%, from the initial values.
Under the action of histamine on the cervical lymph nodes (1x10-5-1x10-4M), an increase in frequency by 28 ± 1.3% and an amplitude by 37 ± 1.8% was noted in 68% of cases, on the mesenteric lymph nodes in 73% of cases, the frequency of contractions increased by 36 ± 1.3% and the amplitude by 34 ± 1.4% (Fig. 21,22). After three months of exposure to phytocomposition, the group of these rats increased their activity and decreased their weight 325.3 ± 18 g, and the group of old rats 396.7 ± 24 g (P <0.05).
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АВС
Designations: A - young B - old C - old animals + phytocomposition

Figure-18 – Spontaneous contractions of isolated mesenteric lymphatic
nodes of young, old rats and old rats after the action of the phytocomposition
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Designations: ordinate - frequency of contractions per minute, abscissa: 1 - young, 2 - old, 3 - old animals + phytocomposition. 
Figure 19 - Frequency of spontaneous contractions of smooth muscles of the capsule of the mesenteric and cervical lymph nodes in young, old rats and old animals after the action of the phytocomposition
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Designations: ordinate - amplitude of contractions in mg, abscissa: 1 - young, 2 - old, 3 - old animals + phytocomposition 
Figure 20 - Amplitude of spontaneous contractions of smooth muscles of the capsule of the mesenteric and cervical lymph nodes in young, old rats and old animals after the action of the phytocomposition
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Designations: ordinate - frequency of contractions in%, abscissa: 1 - young, 2 - old animals, 3 - old + phytocomposition.
Figure 21 - Changes in the frequency of spontaneous contractions of the lymph nodes of young, old rats and old animals after the action of the phytocomposition in% in relation to the initial parameters under the action of adrenaline, acetylcholine, histamine
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Designations: on the ordinate - the amplitude of contractions in%, on the abscissa: 1 - young, 2 - old animals, 3 - old + phytocomposition. 
Figure 22 - Changes in the amplitude of spontaneous contractions of the lymph nodes of young, old rats and old animals after the action of the phytocomposition in% in relation to the initial parameters under the action of adrenaline, acetylcholine, histamine
This study showed that the contractile function of the smooth muscle of the lymph node capsule in both the cervical and mesenteric lymph nodes changes with age. Lymph nodes of old animals contracted significantly more often than in young rats, cervical nodes by 45 ± 3.1% (P <0.05), mesenteric nodes by 35 ± 2.4% (P <0.05). In this case, the amplitude of spontaneous contractions of the cervical nodes by 43 ± 2.1% (P <0.05) and mesenteric contractions by 48 ± 2.6% (P <0.05) is less than the corresponding indicators in young animals.
After three months of taking a new bioactive phytocomposition in the third group of old animals, we observed an improvement in the general appearance of these rats, an increase in their activity in cells, and a decrease in body weight by 18% ± 2.1. It was revealed in the cervical lymph nodes a decrease in the rhythm by 9 ± 0.6% and an increase in amplitude by 8% ± 0.5, and the mesenteric nodes also repeated the pattern of contractions - the rhythm decreased by 19 ± 0.8%, and the amplitude increased by 42% ± 1.2, which indicates a different effect on somatic and visceral lymph nodes
The bioactive phytocomposition we used did not change the threshold of action of biologically active substances on the smooth muscles of the lymph nodes, but increased the amount and caused a more pronounced effect on these substances, an activation of the rhythm and an increase in the amplitude of contractions of the lymph nodes were observed.
Phytocorrection of morphofunctional functions of lymph nodes
Old animals. Investigation of cervical lymph nodes at a late stage of ontogenesis revealed morphological equivalents of reduced immune function. With age, there is an increase in connective tissue in the lymph node. First of all, this is expressed in the thickening of the capsule area (3 times) and the development of connective tissue around the blood vessels (Table 8). Part of the lymph node can be replaced by adipose tissue (Figure 2). In such a lymph node, it is difficult to differentiate the cortical and medulla.
The importance of fibrosis and replacement of lymphoid tissue by adipose tissue for the development of immune deficiency in old age cannot be ruled out. This is facilitated by prolonged contact of the oral cavity with the external environment, which affects the anatomical structure of the regional cervical lymph node.
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 Staining with hematoxylin and eosin. Total magnification 120x. 
Figure 23 - Old animals

Fatty replacement of lymphoid tissue of a part of the cervical lymph node In the cortical substance between the lymphoid nodules is the inter-nodular part of the cortex, and on the border with the medulla there is the paracortical region. The inter-nodular part and the paracortical region are referred to as the thymus-dependent zone.
The structures of the cortical substance undergo involutive changes, which is expressed in a decrease in the areas of the internodal part of the cortex (by 1.4 times), lymphoid nodules with a germinal center (by 2.7 times), and the paracortical region (by 1.3 times) at the late stage of ontogenesis ( table 8). In the lymphoid nodules of the preserved lymph nodes, cells with elements of destruction are observed (Figure 3). Simultaneously with age, the structures of the brain matter - brain cords and cerebral lymphatic sinus - decrease in size. The extreme degree of age-related transformation is sufficient lymphoid infiltration at the site of the previously located lymph node (Figure 25).
Analysis of the ordering of structures within the lymph node showed that in old animals the size of most of the structural and functional zones decreases against the background of an increase in the connective tissue component in comparison with young and mature animals. The ongoing decrease in the area of ​​the lymphoid parenchyma of the cervical lymph node is associated with a decrease in its immunoreactivity at the late stage of ontogenesis.
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Old animals. Staining with hematoxylin and eosin. Total magnification 480x. 
Figure 24 - Lymphoid nodule with destructive cells of the cervical lymph node
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Old animals. Staining with hematoxylin and eosin. Total magnification 240x. 
Figure 25 - Lymphoid infiltrate at the site of the cervical lymph node

Old animals. With aging, the structural organization of the mesenteric lymph nodes changes. At the late stage of ontogenesis, the areas of the capsule (1.6 times), the brain cords (2.1 times) and the sizes of the subcapsular and cerebral lymphatic sinuses (1.3 and 1.9 times, respectively), the internodal part of the cortex ( 2.1 times), lymphoid nodules with a germinal center (1.9 times), paracortical region by 12%.
The changes concern the structures of the cortical and medulla of the lymph node, demonstrating age-related involution of the lymphoid tissue, although its degree may be different (Figure 6). The peripheral lymphoid cortex narrows and concentrates closer to the capsule, the deep part of the cortex is divided by the penetrating medulla. Moreover, most of the structure of the lymph node is represented by the reticular stroma. Connective tissue replaces lymphoid tissue, expanding perivascular and in the parenchyma of the lymph node (Figure 7).

Minimization of the main structural and functional areas, especially lymphoid nodules with germinal centers, indicates a decrease in cell proliferation and, as a consequence, the immune potential of the lymph node. The lymphatic sinus system looks narrow on specimens, indicating decreased drainage function of the lymph node. Due to the predominance of the medulla in old animals, an intermediate variant of the morphological structure of the lymph node is formed (the K / M index is 1.07 ± 0.11) with an immune response according to the humoral type. This morphotype is considered optimal for the lymph node, but it cannot be recognized as such completely due to age-induced changes.
It is obvious that senile changes are accompanied by a decrease in the functional activity of the lymph node.
When analyzing the mesenteric lymph node of old animals, in 30% of cases, there was an increase in the area of ​​the structures of the cortex due to hyperplasia of the paracortical region. The size of the paracortical region was 28.92 ± 1.27%, and the size of the brain cords - 8.76 ± 0.51% against the background of wide germinal centers of lymphoid nodules in this group of animals. Cerebral lymphatic sinuses remain narrow and constitute 2.52 ± 0.26%.
The results of the morphometry of the mesenteric lymph node differ from the data in the group of animals, where the predominance of the medulla was revealed (Table 9). The data obtained are typical for a lymph node with a compact morphotype, when the development of a thymus-dependent zone responsible for the cellular link of the immune response takes place. In old animals, two variants of the structure were noted, differing in the degree of development of the thymus-dependent and thymus-independent zones.
In old animals, the effect of phytotherapy can be defined as structurally modifying, expressed in a selective increase or decrease in the size of structural and functional zones, which, before correction in old animals, occupied a smaller or larger area, respectively, in the structure of the lymph node.
After phytotherapy, old animals showed similar values ​​of the area of ​​the internodal part of the cortex in the mesenteric (6.99 ± 0.31%;), and the highest in the cervical (12.3 ± 0.30%; mesenteric <0.001) lymph nodes, which is associated with a decrease in the size of the internodal part in the cervical (1.2 times) lymph nodes and an increase in the mesenteric (1.2 times) lymph node in comparison with animals without correction. After phytotherapy in old animals, the area of ​​the paracortical region in the lymph nodes remained at the level without correction, showing the largest paracortical region in the inguinal lymph node, which is 43.1 ± 2.18% (P <0.001), 2 times exceeding the same indicator in the mesenteric (20.04 + 1.07%) and cervical (21.15 ± 2.17%) lymph nodes
Reception of phyto-collection increases the area of ​​lymphoid nodules with the germinal center (B-zone), mesenteric (1.5 times, P <0.01) and cervical (1.8 times, P <0.001) lymph nodes in comparison with the group of animals without correction. After phytotherapy in old animals in the mesenteric lymph node, the size of the brain cords is 27.1 ± 0.51% (P <0.01), which is 1.3 times less than the indicator without correction and remains the largest in comparison with the cervical (19, 1 + 1.04%) lymph nodes.

[image: ]
Herbal medicine in old animals. Staining with hematoxylin and eosin. Totalmagnification 240x.
Figure 26 - Formation of a lymphoid nodule at the border of the cortical and medullary substances
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Herbal medicine in old animals. Staining with hematoxylin and eosin. Total magnification 120x.
Figure 27 - Development of connective tissue around the lymphatic sinuses

After phytotherapy in old animals, it was noted that the general sinus system is similar in size in the cervical lymph node, making up 12.59%, which is 1.3-1.5 times less than the area of ​​the sinus system in the mesenteric lymph node (P <0.001). Due to the modulating effect phytotherapy, there is a decrease in wide and an increase in narrow lymphatic sinuses in lymph nodes belonging to different topographic groups.
The size and cellular composition of the structural and functional zones changes after exposure to herbal medicine, determining the different intensity of the immune response in the lymph nodes of different localization. A certain role in this is played by postcapillary venules with high endothelium, through which lymphocytes migrate into the lymph node parenchyma, determining the saturation of cells in structural and functional zones. Common to all lymph nodes is an increase in the number of all cells in the lymphoid nodules, the paracortical region, the number of plasma cells and small lymphocytes in the brain cords after herbal medicine.
In the lymphoid nodules, the number density of lymphoblasts decreases sequentially in the following order: mesenteric (3.01 + 0.22;) - cervical (2.21 + 0.14). Pbryzh-w <0.01) lymph nodes after herbal medicine. The number density of macrophages changes similarly. In old animals, after phytotherapy in the paracortical region, the number density of cells of the lymphoid series is distributed from a large value to a lower value in the row: mesenteric - cervical lymph nodes, as well as the number density of lymphoblasts (plasmablasts) and macrophages in the brain cords.
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Analyzing the experimental material obtained, the following picture can be observed - we received a decrease in lymph flow (by 40%), diuresis by 21% and interstitial fluid by 11% in mature animals in comparison with young animals and a more significant decrease in old animals (lymph flow - 64%; diuresis - 42%; IL - 20%). In the blood and lymph of mature animals, the amount of cholesterol and triglycerides slightly increased, but increased more significantly in old animals (cholesterol - 15%, 45%; triglycerides - 41%, 16%, total lipids - 18%, 33%, respectively). The amount of glucose decreased in mature and especially in old animals (blood - 40%; lymph - 16%). Coagulability and viscosity of blood and lymph also changed. Clotting increased by 19% in the blood and 26% in the lymph. Blood viscosity increased by 18% and in lymph by 18% from young to old. Different authors call different values ​​of the optimal water content in the tissues of organisms from age.
In our studies, from a young organism to a mature one, an increase in leukocytes, neutrophils, CD-20V lymphocytes in the blood and lymph and lymphocytes in the lymph has been shown. In old rats, a decrease in leukocytes in the blood by 36%, in the lymph by 25% was observed. Lymphocytes decreased in blood by 21%, and in lymph by 20% compared to mature animals, and a decrease in all populations of lymphocytes in blood and a slight decrease in lymph with old age was observed.
Many authors have shown all the structural components of the lymphatic vessels and nodes are laid in the embryonic period, reach their final development after birth, and are associated with the beginning of active functioning of the nodes. The restructuring of the lymph nodes, according to the functions of the organ, is observed in all age periods of life. In the age groups studied by us (2-45 days, 10-11 and 22-24 months), differences in the ratio of the structural components of the lymph nodes are possible. In the period from 2 to 30 days from birth, the complexity of the nervous structures occurs. We examined the qualitative side of the adrenergic innervation of the lymphatic vessels and lymph nodes.
In both menstrual and mature rats, adrenergic innervation is characterized by the presence of multiple nerve fibers forming plexuses with regularly spaced varicose veins along the entire length of the nerve fiber. The conducted research has shown the presence of a well-formed apparatus in all parts of the node in the capsule and trabeculae, cortical and medulla, as well as in the GLP. The presence of adrenergic nerve fibers in the capsule of the lymph node, where there is an accumulation of smooth muscle cells.
It is known that adrenergic mediators have a distant effect on smooth muscle cells, the distance between them corresponds to 200 nm [93, 94]. Regular varicose veins in adult rats had a brighter fluorescence, which may indicate a high content of catecholamines in them both in the lymph node and in HLP. It is believed that such varicose veins are depots of catecholamines [95,96]. But with age, we have shown that these varicose thickenings begin to decrease and in some plexuses they disappear altogether.
Our study has shown that the contractile function of the smooth muscles of the capsule of the lymph nodes of both the cervical and mesenteric lymph nodes changes with age. The lymph nodes of young and mature rats contracted identically with no visible differences. Perhaps, in order to reveal the differences in the pumping function of the lymph nodes of these groups of animals, it is necessary to take lymph nodes for research in the first days after the birth of the animals, but for this it is necessary to use a more sensitive installation and microtechnology.
It has been shown in the literature that in the process of early postnatal ontogenesis there is a decrease in the role of extra lymphatic factors and an increase in intralimphatic factors in the movement of lymph through the vessels [98]. In newborn animals from 2 weeks of age, spontaneous and evoked contractile activity of the lymphatic vessels is formed. These experiments are obtained on dog puppies in our laboratory.
Probably in the lymph nodes with the development and formation of innervation and other structural elements, the formation of spontaneous contractile activity occurs in the same age period, but by the age of 25-40 days, all morphological structures, as we see, are formed in the rat's node. Lymph nodes of old animals contracted significantly more often than in young and mature rats, cervical nodes by 45 ± 3.1% (P <0.05), mesenteric nodes by 35 ± 2.4% (P <0.05). In this case, the amplitude of spontaneous contractions of the cervical nodes by 43 ± 2.1% (P <0.05) and mesenteric contractions by 48 ± 2.6% (P <0.05) is less than the corresponding indicators in young and mature animals.
A decrease in the amplitude of the lymph nodes characterizes a decrease in the strength of systole, and an increase in the frequency of contractions above the optimal one leads to a decrease in diastole during which the lymphangion of the lymphatic vessel next after the lymph node is filled. All this is the reason for the decrease in the minute volume of the transported lymph through the lymphatic system. Slow filling and emptying of lymph nodes together with a certain pressure in the lymphatic system is significantly reflected when the parameters of the frequency of contractions and amplitude change on the transport function of the lymph nodes
Age-related changes also lead to a 20-40% decrease in the magnitude of contractile reactions of isolated lymph nodes when exposed to vasoactive substances. The vasoactive substances adrenaline, acetylcholine, histamine in old animals caused a pronounced effect only at higher concentrations (1x10-6-1x10-5M), and at concentrations (1x10-8-1x10-7M) their reactions to the activation of the contractile activity of the lymph nodes were weak expressed, only 18.12 and 9% of cases, respectively. In a greater percentage of cases, the effect of these substances was not found. The irritation threshold for vasoactive substances when acting on isolated lymph nodes increased to 1x10-6 M, in old animals, while in young and mature animals it was 1x10-8 M. Changes in the contractile activity of lymph nodes in old animals are based on changes in the morphological structure of the lymph capsule. nodes and, in particular, the replacement of some muscle fibers with connective tissue [99], an increase in the activity of pacemaker cells and a decrease in NO production leading to endothelial dysfunction with age [100], with age, changes occur in the innervation of the lymph node capsule [101], affecting the effector structures of smooth muscle cells. Contractile activity was inhibited with age. The values ​​of contractile responses to vasoactive substances decreased in comparison with young and mature animals. The revealed age-related changes in the smooth muscle cells of the capsule of the lymph nodes lead to a decrease in the force of contractions of the smooth muscles and thereby reduce the lymph flow, both along the node itself and further along the lymphatic vessels.
Thus, in our study, we noted a decrease in the contractile activity of the lymph nodes, a decrease in the sensitivity of the receptors of the lymph nodes, and an increase in the threshold of irritation to vasoactive substances in old animals.
As our studies have shown, the localization of the sclerotic process in the lymphoid parenchyma is very significant. Signs of the development of sclerosis are neoplasms or proliferation of connective tissue at the site of atrophy of parenchymal cells. With regard to the lymph node, there are two options for the predominant localization of sclerosis: 1) in the medulla; 2) in the cortex and paracortical region [102]. According to our observations, sclerotic changes in old animals concern the capsule of the lymph node, and the proliferation of connective tissue occurs more often along the course of the blood vessels. In addition to the existing variants of sclerosis in the lymph node, the localization of subcapsular sclerosis in the peripheral cortex parallel to the marginal sinus and local thickening of the capsule are described for the first time. This localization of sclerosis disrupts the structure of the lymphoid lobule and the passage of lymph through the lymph node, leading to the development of immune and drainage insufficiency.
In the visceral lymph nodes, the lumen of the sinuses is significantly narrowed due to an increase in the volume of stromal elements. The decrease in lymph flow through the visceral nodes is associated with the content of a large volume of toxic substances in the inflowing lymph [103]. In the mesenteric lymph nodes of old animals, the most pronounced changes were observed in the cortical substance of the node, which increased mainly due to the "deep" cortex [104]. The degree of development of connective tissue in the lymph nodes is very important for the prognosis of their function [105].
Numerous studies confirm the important role of lymph nodes in the formation of humoral and cellular immune responses [106]. In old animals, the observed change in the lymph node compartments can be regarded as a reflection of the antagonism of the humoral and cellular links of immunity. Disturbances in the immune system reduce resistance [107], which leads to immune deficiency, judging by the occupied area of ​​the thymus-dependent zone in the lymph nodes of old animals. Reorganization of the lymph nodes with age can occur in different ways: the first option is an increase in the cortex due to hyperplasia of the paracortical region with a decrease in the medulla; second option
This determines the final immune response by humoral or cellular type, respectively. We believe that the variant of morphological changes in the mesenteric lymph node with age largely depends on environmental and nutritional factors. Age-related changes in the immune system include atrophy of lymphoid organs, a decrease in the number of peripheral T-cells, an increase in the number of immature lymphocytes due to a delay in their differentiation, and others [108]. The cyto composition reflects the stages of transformation of the lymphoid parenchyma of the lymph node with age [109,110,111].
For old animals, it is characteristic: in the lymphoid nodules, a decrease in the number of blasts, small lymphocytes, an increase in the number of medium lymphocytes; in the paracortical region, a decrease in the number of small and medium lymphocytes and an increase in the number of macrophages; in the pulp cords, a decrease in plasma cells and an increase in the number of macrophages; in the cerebral lymphatic sinus, an increase in the number of small lymphocytes.
The composition of lymphoid cells is a morphological confirmation of the activation or deceleration of the processes of migration, proliferation and differentiation of immunocompetent cells.
The quantitative predominance of mature and immature plasma cells is evidence of the active immune function of the lymph node [112,113]. A regular decrease with age in the number of prolymphocytes and a corresponding increase in the content of mature lymphoid cells, up to the prevalence of the latter in the cytograms of lymph nodes in old people [114,115] due to a change in the character of Th0 differentiation, a significant part of which become Th1 and / or Th3 lymphocytes [116,117]. Blast transformation is carried out with a delay in the transition of the prolymphocyte (middle lymphocyte) to the lymphoblast. In old age and in children of the first year of life, the percentage of cells subject to transformation decreases by 20–30% [118,119].
It should be noted that there is an inversely proportional relationship between the content of mature lymphoid cells and prolymphocytes [120]. To a greater extent, the delay in the formation of blasts occurs in old animals, primarily in the lymphoid nodules. But such a relationship between the content of mature lymphoid cells and prolymphocytes is not always traced, especially with corrective influences. This can be explained by the different intensity of the process of proliferation and differentiation of lymphoid cells and the direction of the migration flows of cells along the lymphatic bed and from the bloodstream to the lymph node.
It is obvious that the lymph nodes of different topographic and anatomical regions differ in their structural and cellular organization. And this is due to the functional features of the organs located in the area of ​​drainage of regional lymph nodes. An increase in connective tissue elements and reticular cells in the presence of macrophages and lipophages in the presence of macrophages and lipophages is recognized as markers of lymph node aging, which is consistent with the concept of a decrease in the functional activity of the lymphoid parenchyma [121, 122]. The literature contains information on the activation of the functions of the lymphatic system after the use of medicinal plants [89,123]. Medicinal plants enhance the drainage function of the structure of the lymph nodes in pathology [124]. Bioflavonoids affect the smooth muscles of the lymphatic vessels and nodes [125]. Medicinal herbs used in our screening study showed that they affect the animal organism on the lymphatic and cardiovascular systems; increased lymph flow and urine output (ZB, Z, EP, K, BT); improved blood fluidity (ZB, Z, EP, K, BT) , lymph fluidity (ZB, Z, K, BT), increased the volume of plasma (ZB, BA, K,).
Decreased blood pressure (ZB, ZO, K, BT). The heart rate decreased (ZB, BA, BT). The weight of the animals has decreased. The choice of medicinal plants was justified, since the analysis of the figures in the table (). after screening studies showed that the studied parameters approached the figures obtained in animals of younger age. It was decided to use all medicinal herbs involved in our experiments to inhibit aging. Phyto-collection was compiled by us according to the pharmaceutical principle, taking into account the lymphotropic effect of medicinal herbs and was aimed at realizing the effect of lymphostimulation, lymphocorrection and lymphoprotection.
It includes the above listed plants and a steam of iodine from the company "Balsam Revival" LLP MTІ Medical. The phytocomposition used in the study on old animals increased the volume of IL and plasma by 10.3%, respectively. Lymphatic flow increased by 18%, urine output by 41%. An increase in blood flow was observed as the clotting time increased; the viscosity of blood and lymph decreased. Showed a slight decrease in blood pressure and heart rate. The weight of the animals decreased significantly. After the application of phytocomposition, an increase in the luminescence of adrenergic fibers was observed, both in the lymph nodes from different regions of the body (popliteal, mesenteric, cervical, lymph nodes) and in the LHP. It was found that fluorescence is enhanced both in the nerve fiber itself and in varicose veins, in the plexuses in the lymph nodes, and in different parts of the SOD. Bioflavocands stimulate the production (synthesis) of catecholamines and their reserves in nerve fibers increase, which means that the nervous regulation in the lymphatic vessels and nodes improves. After three months of taking a new bioactive phytocomposition in a group of old animals, we observed an improvement in the general appearance of these rats, an increase in their activity in cells, and a decrease in body weight by 18 ± 2.1%. It was revealed in the cervical lymph nodes a decrease in the rhythm by 9 ± 0.6% and an increase in amplitude by 8% ± 0.5, and the mesenteric nodes also repeated the pattern of contractions - the rhythm decreased by 19 ± 0.8%, and the amplitude increased by 42% ± 1.2, which indicates a different effect on somatic and visceral lymph nodes. The bioactive phytocomposition used by us did not change the threshold of action of biologically active substances on the smooth muscles of the lymph nodes, but increased the amount and caused a more pronounced effect on these substances, there was an activation of the rhythm and an increase in the amplitude of contractions of the lymph nodes. Phytotherapy allowed us to correct the transport function of lymph nodes of different localization based on increased lymphoproliferation and lymph stimulation using antioxidant vitamin and microelement balance. Phytocorrection in geronites led to a morphological shift of lymph node structures towards a younger age [127], created adequate conditions for the ordering of interstitial relationships of the  fluid balance of the body [128], increased lymph flow. The mechanisms of these processes can be considered as an increase in the resistance of body tissues and cells of lymph node structures to an increase in the resistance of micro and macromolecules to damaging factors, and an increase in antioxidants in the body to an increase in resistance to oxidative stress [129]. In phytotherapy, there are signs of a reactive process from the lymph nodes. This is manifested in an increase in the number density of mature lymphocytes, plasmocytes. The presence of plasmocytes is considered as evidence of active immune function of the lymph node [130]. All topographic groups of lymph nodes are characterized by an increase in lymphoproliferation as a result of herbal medicine, which is accompanied by the formation of lymphoid nodules outside and inside the lymph nodes (Fig. 9, 10).
Such ectopic foci of accumulation of lymphoid cells are called “tertiary lymphoid organs” and their appearance is associated with the development of immunodeficiency in pathology (131). The results of the study show that ectopia of lymphoid nodules is more universal in nature and can be observed after phytostimulation of decreased lymph node function. An unusual arrangement of lymphoid nodules was noted in the subcapsular zone and the medulla of the lymph nodes after phytotherapy in old animals (Fig. 9).
Phytostimulation of lymphoid tissue enhances the processes leading to partial or complete encapsulation of cortical substances, as well as to fragmentation of the lymph node due to the isolation of the protruding parts of the cortex. This can be considered a stage in the formation of a lymph node. This is most characteristic of the cervical lymph nodes, which are initially fragmented. The previously unknown property of phytotherapy to induce the formation of new lymphoid structures (neolymphogenesis) with an increase in immune function has been experimentally shown. Along with the enhancement of the neolymphogenesis process, phytotherapy leads to the optimization of the structure and function of the lymph nodes that have undergone senile changes with an increase in the nonspecific resistance of the organism.
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Based on the data obtained, the following conclusions are made:
1) A decrease in lymph flow, urine output, volume of interstitial fluid in mature animals and a further decrease in old animals compared to young ones was obtained. Data on biochemical, cellular, ionic, immune parameters of blood and lymph, lymph flow, diuresis, composition and volume of interstitial fluid, which corresponded to physiological changes from a young organism to a mature one and then to an old one.
2) Starting from the first days of postnatal ontogenesis, the formation and complication of the adrenergic apparatus in the tissues of the lymphatic vessels and nodes continues, which are fully formed by the 25-30th day after the birth of rats. Starting from one month of age, adrenergic innervation is a well-formed apparatus in all parts of the HLP and the node in the capsule of the trabeculae, cortex and medulla. These are brightly glowing nerve fibers that form plexuses with regularly spaced multiple varicose veins. In old animals, the density and number of plexuses are preserved in all parts of the lymph node and HLP, but the brightness of the glow decreases, the fibers in the plexuses become intermittent, the number of varicose thickenings decreases or disappears. 
3) In young and mature animals, no significant changes in the contractile activity of isolated lymph nodes were revealed. The contractile activity of the lymph nodes in old animals was inhibited. A decrease in the contractile activity of lymph nodes of different localization, a decrease in the sensitivity of receptors and an increase in the threshold of irritation to vasoactive substances were noted.
4) Lymph nodes, regardless of localization, have common signs of aging: a) an increase in connective tissue with a decrease in the area of ​​lymphoid nodules with germinal centers against the background of the preservation of a compact morphotype; b) unidirectional changes in the cellular composition in a decrease in the number of blasts and medium lymphocytes in lymphoid nodules, paracortical region, plasmocytes in the brain cords against the background of an increase in reticular cells, which indicates a decrease in the immunoreactivity of these structures;
5) A screening study on old animals of the substance Zizifora Bunge, hawthorn of Almaty and decoctions of herbs St. John's wort, Echinoceapurpurea, penny, and badan thick-leaved showed changes in the studied parameters of the lymphatic and cardiovascular systems, lymphatic flow, urine output, heart rate, blood pressure, blood coagulation and coagulation. plasma volume by hematocrit, weight of animals in the old younger age.
6) The phytocomposition we applied on old animals showed an increase in lymph flow, diuresis, and the volume of interstitial fluid in comparison with old animals without phytocorrection. In the lymph and blood of animals, a decrease in cholesterol, triglycerides and total lipids was observed. In the blood, platelets decreased, and in the blood and lymph, the clotting time and viscosity changed, which improved the fluidity in the vessels.
7) Long-term use of phyto-collection on old animals increased the flow of sympathetic nerve fibers in the lymph nodes and thoracic lymphatic duct. This shows the stimulating effect of bioflovanoids on the production of catecholamines in the nerve fibers of the lymphatic vessels and nodes.
8)Bioactive phytocomposition revealed a statistically significant positive effect in the functioning of the contractile activity of the lymph nodes. A decrease in the rhythm and an increase in amplitude were observed in geronts of both somatic and visceral lymph nodes. Biologically active substances against the background of phytocomposition stimulated the transport component of the lymph nodes.
9) Phytocorrection determined its application to stabilize the structural components of the lymph nodes and water homeostasis in the lymph region and increased the drainage-detoxification functions of the lymph nodes of geronts and, as a result, retained their contractile function. An increase in the area of ​​lymphoid nodules with germ centers, a change in the cellular composition, an increase in the number of blasts and middle lymphocytes in the lymphoid nodules in the paracortical region, plasmacytes in the brain cords and an increase in reticular cells, which increased the immune function of the lymph nodes regardless of their location.
10)Used in studies on old animals under the grant "Functioning of the lymphatic system from a young organism to an old one and the search for medicinal substances that slow down senile changes" phytocomposition revealed a lymphatic stimulating effect (increased IL, increased lymph flow), a stabilizing effect on contractile activity, increased the synthesis of mediators in sympathetic nerve fibers , increased the drainage and detoxification function of the lymph nodes, restored their microstructure.
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ANNEXES В 
Agreement with the calendar plan

Сalendar plan 2018-2020

	n/n
	Denomination of the project objectives and realization activities
	due date
	Expected result

	
	
	beginning
	ending
	

	1
	Project objective for 2018
To study and conduct a complex study of the functioning of the lymphatic system in young rats (3-4 millimeters) and in mature (10-11 millimeters). To study the volume and composition of the interstitial fluid, diuresis and urine composition in the same animals.
	January 2018
	until November 1, 2018
	New data will be obtained on the functioning of the lymphatic system in young (3-4) and mature (10-11m-x) rats and a set of parameters of lymph and blood that we will build on in subsequent years of research in the project.

	11.1
	Prepare for experiments and study lymph flow, cellular, biochemical, immunological composition, physico-chemical and rheological parameters of lymph and blood in young rats. Volume and composition of interstitial fluid and diuresis. To study the cholinergic adrenergic innervation of the lymph nodes from different regions of the body in young rats.
	January 2018
	June 2018

	A database for research will be prepared. Groups of animals for subsequent research have been formed. New data on the functioning of the lymphatic system and interstitial fluid will be obtained. Adrenergic innervation of lymph nodes in young animals will be studied.

	1.2

	To study the contractile activity of lymphatic vessels and nodes from different regions of the body in young rats and mature rats. To study the ratio of the functional zones of the lymph nodes and the microstructure of the lymphoid tissue in the nodes of different locations in young and mature rats.
	July 2018
	until November 1, 2018
	New data will be obtained on the contractile activity of blood vessels and nodes from different regions of the body and new data will be obtained on the relationships between the functional zones of lymph nodes and the microstructure of lymphoid tissue in young and mature animals.

	2
	Project Objective for 2019
To study and conduct a complex study of the functioning of the lymphatic system in old rats (19-20 moths). To study the volume and composition of the interstitial fluid, diuresis and urine composition in the same animals.
	January 2019
	until November 1, 2019
	New data will be obtained on how the lymphatic system functions in old rats (19-20 moths).

	2.1
	To study the lymph flow, cellular, biochemical, immunological composition, physico-chemical and rheological parameters of lymph and blood volume and composition of interstitial fluid and diuresis. To study adrenergic innervation of lymph nodes from different regions of the body in mature rats.
	January 2019
	June 2019

	New data will be obtained on the functioning of the lymphatic system and interstitial fluid and urinary excretion in mature animals. Adrenergic and cholinergic innervation of lymphatic vessels and nodes in mature animals will be studied.

	2.2
	To study the lymph flow, cellular, biochemical, immunological composition, physico-chemical and rheological parameters of lymph and blood. Volume and composition of interstitial fluid and diuresis of old rats. To study the adrenergic and cholinergic innervation of lymphatic vessels and nodes with the contractile activity of lymphatic vessels and nodes from different regions of the body in old rats. To study the ratio of the functional zones of the lymph nodes and the microstructure of the lymphoid tissue in the nodes of different locations in old rats.
	July 2019
	until November 1, 2019
	New data on the functioning of the lymphatic system and the interstitial fluid and the urination of old rats will be obtained. New data will be obtained on adrenergic and cholinergic innervation of lymphatic vessels and nodes and on the contractile activity of lymphatic vessels and nodes from different regions of the body in old rats. New data will be obtained on the ratio of the functional zones of the lymph nodes and the microstructure of the lymphoid tissue in the nodes of different locations in old rats.

	3
	Project Objective for 2020
To develop ways of slowing the aging process with this purpose to conduct screening studies of medicinal plant substances allocated by Kazakhstan scientists on cardiovascular and lymphatic systems on aging animals.
	January 2020
	until November 1, 2020
	New data on the effect of medicinal substances on the cardiovascular and lymphatic systems will be obtained and the mechanism of their influence on the links of the cardiovascular and lymphatic system is revealed.

	3.1
	Conduct screening studies of medicinal plant substances on the lymphatic and cardiovascular systems.
	January 2020
	until November 1, 2020
	New data on the effect of medicinal substances on the functions of the lymphatic system and the cardiovascular system will be obtained.

	3.2
	Analysis of the obtained material in order to identify the age difference and the effectiveness of the administration of medicinal substances on the functions of the lymphatic and cardiovascular systems. Submission of application for a patent, articles for printing and processing of the final report.
	July 2020
	until November 1, 2020
	The analysis of the received scientific material on the basis of which will be shown on what functions and links of the lymphatic system the medicinal substances are acting will be analyzed. The final report will be issued and submitted to the press, articles and patents.
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ADRENERGIC INNERVATION OF LYMPHATIC NODES FROM
'VARIOUS BODY REGIONS IN YOUNG AND MATURE ANIMALS

Annotation. Adrenergic nnervation in the izzes of cerviea, mesenterc nd poplitsl lymph nodes
in ot of diffrent ag= groups (245 day= and 10-11 monthe) was stdied using the -pecific Suorescence.
‘microscopic method of visulization of catecholamines. Adrepergic nnervation i hyaph nodes of rats i
present from the fst days of life and in the process of postaatal ontogenests it tends o develop and
radualy become more complex and i flly formed by the 20 30" day from birth.

“Keywords: lymph nodes, drenergic nervous apparatis.

The lymphatic system takes an active part in maintaining homeostasic 2t the csllula, Gisue and
organim levels,caying out he barier fncton i the nferaction of the organisn with the extermal and
intermal evironiment 1, 2. The most important component o the ymphatic system i the ymph nodes.
Lyamph nodes have 2 complex strucureymploid ssue takes up 0 80% ofthe volume of the node. Under
the capane, there i 2 subcapsular sius, and the lymphoid tisue i permested with mumerous cerebral

‘om the s day offeof the rats 3nd p to the sdult peiod.

T the availble literaure, thee i 5o information sbovt the adrenergi innervation apparstus in the
structureof the yuph nodes in diffrent age perods of ife|

‘The aim of the study was to study the adrenergic innervation of the ymph nodes of diffwrent
topograpic nd smatomical loclization i young and mature sl

Materials and methods. The experiment 2 performed on white rats with llocaion o groups aged
245 days 2nd 10-11 months. I each growp thre were 5 amimals (s 30), which were givn free ccess o
Srater 2 food. All experiments wih animals were camied out in stict accordance with the rule:
developed and approved by the local ethical commission of Kazakh National Medical Universty named
e SD. Asfondiyaror, 22 well 3 in sccordance with th rules 0d requirements stipulsed by the 1986
Girecive of Exwopesn Paliament md set out i the "Guidslies for the care 20d we of sboratory

o —
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‘animals” For the study, mesenteric, cervicl, poplitel Iymph nodes were taken. To stdy the adrenrgic
‘nervons spparatus of th lymph nodes,  speciic histochemical fuorescence-microscopic method for the
deection of catecholamines in ismes wing the lyoalic acid was wed which was inialy developed by
Falk and ater modified by V. A Goryri [13]. Toal vascular sections and cryostatc sectons o ymph
‘modes 20 micrometers thick were prepared. The peparations were ncubated i 2 2% solution of ghvoxalic:
cid prepared on phosphate buffr ith pH of 7. Then the sectons wer dried under 3 wam ai stream
2 thermostated at 100° C, followed by clarifcation 2nd fxation with 2 5% soluion of polystyrene
Gissolved i ylene. Lymph node preparstions were tudied using 3 Vision 300 (Australis) Sucrescence
‘microscope with 2 camera.

‘Resuls and discussion. Both in young and mature 12, Iymph node preparstons were studied,
prepared from the concave side, where the lymph node gate is locsed, through which the incoming
arteris and nerves pass, and veins and vasenlax Iymphatic vessel exi. Our stdy showed that inrts aged
27 days in Iyuph nodes single nerve bers with wesk fuorescence were observed, which <hows 3 low
‘content of catecholamines i them. At the end of these single growing newal fbes fucrescent varcose
hickenings are more clearly detectedIn rats 3ged 7-15 days, along with the presence of single nerve
‘Sbers, the sppesrance and formation of nerve plexuses occurs, but already from 12-15 days in the iomes
of the ymph node ther = frthr development of he adrenergie apparats, n incresse in the mumbes of
erve bers, the formation of muipl plexuses bevee them and the appearance of varicose hickening:
along the entie length. The denity of adrenerpc imnervation in the lymph modes, 3 characteristic of adult
‘mimals, appears aready from 25-30 days from birth (Figewes. 12,22, 32).

“Adrenergic nerve plexuses sre formed in the el of rteral vessel enterin the cevical Iymph sode
(Figures 12, 1), The figures show that i the wall o the blood vesce ofthe cervial Fuph node the Large.
plexed nerve plexuses consisting of thick nerve bundles branch ino several hin sngle nerve Sbers. Along
he length of single nerve Ebersfhe disrbution of varcose extensioncanbe observed, which give 2 more
inteneglow, charatercic for catecholamines. The ares of fhe lymph node gates b the highest
adrenergc nnervation.

— —
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On the ransverse section (Figures 32, ) in the are of the gates of the poplieal Iymph node i the
eall of the blood vessels, individual adrenergic newal bundles kave 2 bright fuorescence. Regulary
located slong the nerve iber,sual and Large varicose fickenings give 3 more vvid fuorescence tan the
nerve Sber telf.

Iy sode g of a e s
(0 Cposttic cion o ey e o e pll
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The reason for our attention tothe aea o th Iymph node gates was that this region roved o have 3
higher adrenergic imnervation. As we have noficd, on the preparaions of the lymph node gates, separate
adrenergic nere Sbers were disrbuted befween the trabeculae, leaving the vasealar wall Initally,these
nerve fiber serve 3s the adrenergic innervation apparatus of the wal of blood vessels, and oxly the
ndividual single i nerve lbers, separsted from th intra-walled vaseular erve plexes, re distbuted
among the commactive tssue of the rabeculae o the ymph node. It s knowen that i th avea of the gates
in the capsule of the ymph node there i the greatest mumber of smooth mscle myocytes. It wed fo be
considered that i the vaseular wallthe varicose thickenings ofth ferminal sections of adreneric 2x0ns,
in the region of which catecholamines are being released. are at certain dfinte distances from the smooh
muscle cell [14]. The adrenergic nervons 3pparatus provides motor transnission of signals from the nerve.
Eher tothe smooth muscles, hat i, i partiepate i the realzation of vasoemotor efferent sigaaling [15]
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‘Consaquenly,the presence of an adrenergic innervaton apparatu and smooth muscle cells in the
isse. o the ymph modes affcts it contactle function. In the 3ge Eroups studied by us (245 days and
1011 monthe), differences i the raio of the structural components of the Iymph nodes are possble. We.
have considered the qualfative sde of adrenergc inervation o the ymph nodes. In both month-old and
‘mture rat,the adrenergic imnervation is characterizad by the presence of mmiliple perve bers iat form
plexuses with regulary located varicose xtensions along the entirelength ofthe nerve fber. The presence
of adrenergic neve bers in the capsale of the ymph node is shows, where there i 31 ccumlstion of
mooth muscle cll. I is known that adrenergic medisors bave 2 distant effec on smooth muscl cells;
the distmce between them comesponds fo 200 o Regalar varicose thickenings have 3 brighter
uorescence, which may idicate 2 high content of catecholamines in them Such vaicose thickeings are
‘considered tobe depotsof catecholamines [16].

Thus, on the basi of the data obtained by s, i can be asertd that,starting from the fist days of
‘pestaatal ofogeness, the adrenergic apparatus contimues fo form in the ssues of lymph nodes, and &
fully formd by the 25-30 day afe the bith of rat, and it i logical fo affirm tha the Iymph nodes have
2n adrenergic vasomotor innervation, which nflvences thir fmction.
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OCOBEHHOCTH ATPEHEPTHYECKOW NHHEPBAIIUM
JUMPATHYECKHUX Y3JI0B U3 PASHBIX PETUOHOB TEJIA
Y MOJOABIX, 3PEJIBIX U CTAPBIX )KUBOTHbBIX

I A.Jlemuenko, C.H.A6xpemon, H.A.Axver6aesa, E.K.Maxkaues,
b.A.Hypmaxanosa, A.O.baixsioexoBa, A.M.Kanexemon

Jabopamopus ¢usuonozuu aumgpamuueckou cucmemvl Hnemumyma guzuonozuu
yenogexka u ocusomuvly Komumema nayxu Munucmepemea obpasosanus u HayKu
Pecnybauxu Kasaxcman, Armamer

C nomouisio crienuduIeckoro GIroopeceHTHO-MUKPOCKOIIMIECKOr0 METOa BH-
3yallM3aliy KaTeX0JIaMIHOB MCCIEIOBANIM aIPEHEPIUYECKYI0 HHHEPBALMIO B TKAHU
LIe{HOro, OPBIKEEYHOT0 M IOAKOIEHHOTO JIMM(BAaTHYCCKUX Y3I0B Y KPBIC Pa3HBIX
BO3PACTHBIX TPy (0T 2-45 nueit 1o 24 mec su3nn). [TokazaHo Hanuuue agpenep-
THYECKOW HHHEPBALMK B IMM(ATHUECKAX Y3JIaX C NEePBHIX [HEH XU3HH, HO B NPO-
Lecce MOCTHATAIBHOIO0 OHTOICHE3d OHA PA3BUBACTCS U YCIOKHSIETCS, @ OIHOCTHIO
dopmupyercst k 20-30-my auro xusHE. C 30-IHEBHOTO BO3pacTa ajpeHepruieckas
HHHEPBALMS IPEACTABIIET CO00i X0poLIo chOPMUAPOBAHHBIH alIIAPAT BO BCEX YACTAX
y3l1a — B Karcye, Tpabexynax, KOpKOBOM M MO3TOBOM BElIECTBE. JTO SPKO-CBETS'-
IIHEeCs] HEPBHbIE BOIOKHA, 00pasyoNue: CINIETEHHUs ¢ PEryJISiPHO PACIIOI0KEHHBIMI
MHOJKECTBEHHEIMH BAPHKO3HBIMH YTOMIIEHUAMH. Y CTapEIX )KUBOTHBIX COXPaHAETCA
IUTOTHOCTH ¥ KOJIIMYECTBO CIUIETEHMH BO BCEX HACTIX JIMMMATHYECKOro y3na, Ho sp-
KOCTb CBEUEHMS YMEHBIIAETCS, d BOJIOKHA B CIUIETEHUSIX CTAHOBATCS IPEPHIBUCTHIMH,
YMEHBLIACTCS! KOJIMYECTBO BAPUKO3HBIX YTOJIICHHH, MJIH OHHU HCYE3aI0T COBCEM. DTH
WU3MEHEHHS XapaKTePHbI JUIs TUM(BATHIECKUX y37I0B U3 Pa3HBIX PETHOHOB.

KuroueBble clioBa: ausmgpamuyeckue ysnvl; aopenepauteckuil HepHbvill annapam, nocmHa-
MANLHBIL OHIMO2CHE3; CINAPLLE JCUBOMHBLE

JlumpaTnueckas cucteMa Kak 4acTh LUKYISTOP-
HBII CHCTEMBI IPHHUMAET yYacTHe B IpEHaKe TKa-
Heill, TpaHCIIopTe BOABI M MAKPOMOJIEKYIT U3 TKaHEeH
BKPOBB, BPE30POLIHH X ACTIOHIPOBAHNN BOJBL, HM-
MYHOOMONOTMYECKUX PEAKLHUIX B Opranusme [6].
MiorodyHKIHOHATBEHOCTE IHM(ATHICCKON CHC-
TEMbI ONpeAeIieT e& GONBIIYI0 3HAYNMOCTD s
HOJICpIKaHUA TOMeocTasa B opranusme [2,7]. Bax-
HelIIel cTpyKTypHO! equHHICH TM(paTHICCKOH
CHCTEMBI ABIAOTCS IMMbaTHaeckue y3mst (JIY).
JIY umerot crnoxusoe crpoeHue, 10 80% ux o0nE-
Ma 3aHnMaet muMbonaHas Tkaub. [Tox kancymoit
pacronaracTcs cyOKarcyspHbIi CHHYC, a TuM{o-

Aodpec ona xoppecnondenyuu: georgiidemchenko@mail.ru.
JHemuenko TLA.
doi: 10.47056/0365-9615-2020-170-9-268-273

HIHAs TKaHb IPOHN3aHA MHOTOYHCIICHHBIMH MO3-
TOBBIMU CHHYCaMH, IIIHPUHA KOTOPIX COCTABISAET
20-60 MxM. DHIOTEINANBHBIE KIETKH, BBICTHIIA-
IOMIUE CUHYCHI, IMEIOT MHOXKECTBO OTPOCTKOB H
COBMECTHO C PETHKYJISIPHBIMH KIICTKaMH (opMu-
PYIOT B IIPOCBETE CHHYCOB CIOKHYIO TPEXMCPHYIO
ceTh, uepe3 KOTOpyIo IpoTekaeT auMda [5].
AJZlpeHepruyecKiue HepBHBIE BOIOKHA BXOJAT
B JIY B 06IacTi BOPOT B COCTABE a{BCHTHIIUAIIb-
HBIX 000JI09¢K BHYTPHOPTaHHBIX COCYI0B, 06pa-
3ys TepMUHANBHbIE CIICTCHNS B TapEHXUME y31a.
Oco6eHHO I'yCTOE CIUIETCHHE HAOTIOHaeTCs B afl-
BEHTHIMH apTepyil. B cTeHKax BeH MEHee BhIpa-
JKEHBI HEPBHBIE BOJIOKHA, OTXO/AIIHE B TIAPEHX M-
My y371a 1 06pa3yIone MHO)KECTBCHHBIC MCIIKHC
pa3BeTBICHUS B MO3TOBOM BelecTse. Ha rpanune
MO3TOBOTO ¥ KOPKOBOTO BEMICCTBA BHISABIICHO MEJI-
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KOSYEHCTOE CIUICTECHHE aIpEeHEPrHIecKHX BOJO-
KOH, KOTOPbI€ PEIKO BBIBISIOTCS B KOPKOBOM Be-
mectse. [Tokasana agpeHepruvyeckas HHHEPBAIUsI
[apaKOPTUKAIBHOH U MEK(OIIHKYISPHOH 30H,
[Jie BOIOKHA BCTYNAKOT B KOHTAKT ¢ MaKpoharamib-
HBIMH PeTHKYJIpHbIMEA KieTkamu [1]. Kamcyna,
nokpuiBatomast JIY, cocTOUT mperuMyIecTBEHHO
U3 COCAMHHUTEIBHOTKAHHBIX 3JIEMEHTOB, MEKIY
KOTOPBIMH PacIIOJIaratoTCsl Iy YKH T71aIKOMBIIIey-
HBIX KJICTOK, ODHEHTUPOBAHHBIX B PAa3HBIX HAIIPAB-
nenmsx [5]. YeTanosieHo, 4T0 MEOIUTEI KATICYIIBI
JIY pUTMHYECKH CHHXPOHHO COKPAIIAOTCS, TIPH-
BOJISI K TIOBBIIICHUIO BHYTPHY3JI0BOTO JaBICHHUS 1
BBITECHEHHIO TUM(EI u3 JIY B BRIHOCHIIHE THM-
(arnueckue cocynsl [11]. BozpacThble u3MeHeHus
MophohyHKIIHOHAIBEHOTO COCTOSHUSA TUM(aTHUe-
CKHUX COCYLOB H y31I0B oApo6Ho onucansl [3]. B
3peioM Bo3pacte JIY, BEIIOTHSA MMMYHO-IpEHaXK-
HO-JCTOKCUKALIMOHHYI0 QYHKIHIO B OpraHH3ME,
IPETEPIEBAIOT HEKOTOPbIE CTPYKTY PHBIC H3MEHE-
Hut [3]. Ilokaszano cranosienne Mopdodusnono-
THYECKUX (YHKIUH TUM(pATHIESCKONH CHCTEMBI B
HIOCTHATAJILHOM OHTOreHese [4], a Taioke peskoe
CHIDKEHHUE TpaHCcopTHOH Qynkuun JIY B ycro-
BHAX ero aeHeppanmuy [8]. OxHaxo B J0CTYIHON
JIMTEPAType OTCYTCTBYIOT CBEIEHUS 00 aapeHep-
THUECKOM HHHEPBALHOHHOM almapare B CTPyK-
Type JIY B pazHble BO3PACTHBIE MEPUOBI KU3HHU.

Ilenb JaHHOTO MCCIENOBAHHS — W3YYUTD
anpeHepruveckyro uHHepsaimo JIY pasmudHoi
TOnOTpado-aHaTOMUIECCKON JIOKAIN3ALHUN Y MO-
JIOJIBIX, 3PENBIX U CTaphIX KPBIC.

METOOWKA UCCNEOOBAHUA

Hccenenoranie mpoBeeHo Ha kprIcax IMHHH Wistar
C pasjelNeHHeM Ha BO3PACTHEIE MEPHOALL: 2-45
queit (monogere), 10-11 mecsiues (3pernsie) i 24-25
MecAIeB (CTapble), B Kax10i rpymnire 65110 110 15
KUBOTHBIX. KpBIC cotepskalin mpu cBOGOIHOM 10-
CTYIIE BOJIE H ITHIIE. DKCTIEPUMEHTEI BBITOIHEHE!
B COOTBETCTBHH C IPaBUIAMU, Pa3paboTaHHEIMA
W YTBEPKIAEHHBIMH JIOKaJIEHOM 3THIECKOW KOMHC-
cueit Ka3axckoro HaruoHaIBHOTO MEIHIIIHCKOTO
yuusepcurera um. C.JI. Achenanspona, a Takke
TpeGoBaHusIMH EBpPOTIEHCKON KOHBEHIMH O 3a-
HIMTE MO3BOHOYHKIX KUBOTHEIX, MCTOIB3YEMBIX
B DKCIIEPMMEHTAX MM B WHBIX HAYIHBIX HENISX
(Crpacoypr, 1986 1.).

Y KpBIC MO MHTAIILIMOHHBIM 5()UPHBIM Hap-
KO30M TIOCIIE TPEMapoOBKH OPIOLIHOI MOJIOCTH
KOXHBIX TIOKPOBOB B 00/1aCTH IIeH 1 3aTHEH KOHEd-
HOCTH Opanu OpbIKeedHbIe, IEHEIE U TTOIKOICH-
aslie JIY. J{ng u3ydeHus agpeHeprudeckoro HepB-
Horo anmapara JIY npumensan crreunduuecknii
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THCTOXHMHUYECKUI (PIII0OPECIIEHTHO-MHKPOCKO-
IHYECKHI METOJ BBLISIBIICHHS KAaTCXOJAMHHOB B
TKaHsx (Meros Danbka B Mopndukain B.A.ToBbl-
pX/IH'd) C UCITOJIL30BAHUEM [NIHOKCAJICBOM KHCIOTHI
[10]. ToToBMIN TOTATILHBIE CPE3BI COCY0B U KPHO-
crarable cpesbl JIY Tonmunoit 20 mxm. Ipenapa-
THI UHKYOHpOBaNH B 2% pacTBOpE IIIHOKCAIEBOH
KHCIIOTBI, IPUTOTOBICHHOH Ha ocharHom Oyde-
pe pH 7.2. 3ateM cpe3bl BBICYITHBAIH IO TEMIOH
cTpyéii Bo3yxa u repmocTaruposaiu npu 100°C
C OCTEAYIOIIMM OCBETICHHEM H QuKcanueit 5%
pacTBOpa MONMUCTHPOIIA, PACTBOPEHHOTO B KCHIIO-
1te. [Ipenaparst JIY u3yuanu ¢ nomousio ¢uoo-
pecrenTHoro Mukpockona Vision Engineering ¢
(doroxamepoii.

PE3YINbTATblI UCCNEOOBAHUA

Beum ucenenosans! npenaparsl JIY rpynmer Mo-
JIOJIBIX JKMBOTHBIX, IPUTOTOBIEHHBIE C BOTHYTOM
CTOPOHBI, TJE pacroIokeHsl BopoTa JIY, gepes
KOTOpBIE TIPOXOISAT BXOJSIINE aPTCPUH U HEPBBI
1 BBIXOJST BEHBI U BBIHOCSIIHE JIMM(ATHICCKIE
cocyzel. Y KphIc B Bospacte 3-9 nHel B apTepHsax,
Bxozsmux B JIY, HaGmIOMaMCh OMMHOYHBIC HEPB-
HBIE BOJIOKHA €O ci1aboit (roopecieHnuei, 4ro
TIOKA3bIBACT HU3KOE COJACPIKAHNE KaTeXOIaMHUHOB
B HUX (pHC. 1, a). B KOHIle TaKNX OJ[HHOYHBIX pa-
CTYIHUX HEPBHBIX BOJIOKOH 00HApYKUBAIMCEH 60-
nee ApKo (hIIoOpeCcIUpYIONIIe BAPHKO3HBIE YTOI-
meHus. Y Kpeic B Bo3pacrte 7-15 nueit Hapsagy ¢
OJMHOYHBIMH HEPBHBIMM BOJIOKHAMH HaOIO[a-
710¢k HOPMHPOBAHNE HEPBHBIX CIUICTEHHIA, HO YK€
¢ 15-20-ro HS KW3HU B apTepHsX, BXOAAMINX B
JIY, npoucxoauno gajsbHeRInee pa3BuTHE ajpe-
HEPTrHYECKOro aniapara, yBelnIeHie KolinyecTsa
HEPBHBIX BOJIOKOH, 00Pa30BaHHE MHOKECTBEHHBIX
CIIETEHNH MEX Ty HUMMU U TTOSIBIIEHIE 10 BCEH JUTH-
He BAPUKO3HEIX YTONMEeHHUIT (puc. 2, a; puc. 3, a).
ITnoTHOCTE aIpeHepruyecKoit HHHEPBAINH B apTe-
pusx JIY, XapakTepHas JUIs B3pOCIIBIX KUBOTHBIX,
TIOSBIISIIACE YoKe ¢ 25-30-T0 JHS KHU3HH.
BrIsiBIIeHHE KaTEX0TAMUHOB B CTEHKE apTepH-
aJBHBIX cocyoB BopoT JIY u B camux TkaHsax JIY
Y B3POCTBIX KPhIC T10KA3aJ0 HAIMYHE PAa3BUTOMH
alpeHepruyecKoil HHHEPBAINW, KOTOpast Tpel-
CTaBlIeHa CIUIETEHUAMH U3 SPKO-(IH00pecupy-
TONIUX BOJIOKOH C PETYISIPHO PACIONOKEHHBIMI
OJINHAKOBBIMH 110 pasMepy BapHKO3HBIMHI yTOJIIE-
HusiMu (prc. 1-3). B cTeHke KpOBEHOCHOTO cocyia
meinoro JIY kpynHomeTicTbie HepBHbIE CIuie-
TEHUS, COCTOSIIINE U3 TOJIICTLIX HEPBHBIX MYYKOB,
Pa3BETBIIINCH HA HECKOIBKO TOHKHUX OIMHOYHBIX
HepBHBLIX BOJOKOH. [To AnuHE OAHHOYHBIX HEpB-
HBIX BOJIOKOH MOJKHO HaOIFOAaTh pachpeieneHne
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BapUKO3HBIX YTOJLIEHHUH, KOTOPbIe HaloT Gomee
HMHTEHCHBHOE CBEYEHME, XapaKTepHOoe /Ul KaTe-
XOJIAMHHOB. Y4acTok BopoT JIY umeer Hanboee
BBICOKYIO aIpeHEePTrHYECKYIO HHHEPBALUIO.

Ha nonepeynom cpese B 00:1aCTH BOPOT 110/~
KosteHHOTOo JIY B CTEHKE KPOBEHOCHBIX COCYOB OT-

JACJIBbHBIC aIPCHEPIrUUCCKUEC HEPBHBIC ITYYKH HME-

a4 ApKyto Quroopecuenuuio (puc. 1). Perymsapao
PacIIONOKEHHBIE [T0 HEPBHOMY BOJIOKHY MEJKHE
1 KPYIHbIE BAPHKO3HBIE YTONEHHU (III00pec-
pOBaJIH sIpYe, YEM CaMO HEPBHOE BOJIOKHO.

Ha xprocTaTHOM cpe3e KpOBEHOCHOIO COCY-
za, miTaronero opepkeednslii JIY, xonugecTBo
HEPBHBIX CIUIETEHUIl, HHTEHCHBHOCTH CBEYCHUS U

Puc. 2. AgpeHepruyeckue HepBHbIe BOMNOKHA B CTeH
apTepuii B obnacTy BopoT weitHoro J1Y kpsic B Bo3p
20 pHeit (a), 12 mec (6) n 24 Mec (8). ToTansHLI
par, 06. 30, ok. 8
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pa3Mep BapHKO3HBIX YTOJMICHUH y B3POCIBIX KH-
BOTHBIX IIPEBBIILAJIN TAKOBBIE Y KPBIC IEPBBIX THEH
JKH3HH Uy CTapbiX KpeIc (puc. 3). SIpko-gmoopec-
LUPYIOIIHE KaTeXOIaMHHCONEPIKAIMe HEPBHbIE
BOJIOKHA PACIpPENSISIINCh MEXIY MBIMICYHOH 1
Hapy>KHOH COEIMHETONBHOTKAHHOM 0001104KO0MI
cocyna. Takie HepBHBIEC BOIIOKHA MPOHHUKAIHA U3
CTEHKH COCY/la B OKPY>KaIOILYIO COCAUHUTENBHYIO
TKaHb JIV.

YV cTaphIX JKHBOTHBIX (PHUC. 2-3) KOIMYECTBO U
pasMep BapUKO3HBIX YTONICHUH yMEHBINANNCE, a
B pszie CilydaeB Haboanack NpephIBUCTOCTH CBe-
YeHUS HEPBHOTO BOJIOKHA — HCYE3HOBEHHE KaTe-
XOITaMHHOB 13 Hero . O6painan Ha ceds BHUMaHHE
yuacTok Bopot JIY, KoTophlii uMen Goiiee BHICOKYIO
ajipeHepruveckyto HHHepBanuio. Ha npenaparax
Bopor JIY oTaenbHbIE allpeHepruieCcKIe HEPBHbIE
BOJIOKHA PacIpeleILUIACh MEXIy Tpabekynamu,
MOKH/ask COCYJMCTYI0 CTeHKY. M3Ha4yaibHO 3TH
HEPBHBIE BOJIOKHA SBILUIACH a[[PEHEPT HIECKIM HH-
HEePBALMOHHBIM anlapaTtoM CTEHKH KPOBEHOCHBIX
COCY/IOB, U TOJIBKO OTACIBHBIC O/JHHOYHBIC TOHKHE

HCEPBHBIC BOJIOKHA, OT/ACIAACH OT BHYTPHUCTEHOY-
HOI'0 COCYAHMCTOI0 HEPBHOI'O CILIETECHUA, pacupe-
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JEILITICH CPEH COSANHUTEIBHON TKaHH TpabeKyI
JIY. 3BecTHO, 4TO B 00NACTH BOPOT B KaIcyse
JIV oTMeuaeTcst HanboIbIIee KOJIMY€eCTBO Ia KO-
MBIIIEYHBIX MUOLMTOB. BBUIO IPUHATO CYUTATh,
YTO B COCYIMCTON CTEHKE BapHKO3HBIE YTOIIIE-
HHS KOHIEBBIX OTHEJIOB aJpeHEPTHYCCKHX aKCO-
HOB, B 00TaCTH KOTOPHIX IIPOMCXONT BIAETIEHHE
KaTeX0JIAMHUHOB, HAXOUATCS HA ONPEeAeaEHHBIX
PACCTOSHUSX OT TIIAJKOMBIIIEYHBIX KIeTok [14].
AzpeHepriuyeckiii HEpBHBIN anmapar obecnedn-
BaeT MOTOPHYIO IIepe/iady CUIHAIOB C HEPBHOTO
BOJIOKHA Ha I71a/{KHE MBIIIIBI, T.€. OH Y4acTBYET B
peanu3aini CoCy[0/{BUraTelIbHON 3 dhepeHTHOI
curnanusanuu [13]. CiegoBarenbHo, HaIHIHE
aJIPeHEePrIYeCKOro HHHEPBAIIMOHHOTO alapara
M TIaJKOMBIIIEYHbIX KIeToK B TKauHu JIY Binuser
Ha €ro COKpaTUTeNbHYI0 GyHKIMI0. CTPYKTYpHbIE
xoMroHeHTs! JIY 3aKiagbIBaloTcs B 9MOPHOHANb-
HOM IEPHOJIE, IOCTUTAl0T OKOHYATEIbHOTO Pa3BH-
THS IIOCIIE POXKICHUS, YTO CBS3aHO C HAYalloM aK-
TUBHOTO (PyHKIIHOHUPOBAHUS y371a Kak opraHa [7].

TIepecrpoiixa JIY cooTBEeTCTBEHHO QYHKIUAM
opraHa, B KOTOPOM OHH PacroararTcs, Habmosa-
€TCs BO BCE BO3pacTHbIE nepuosl xu3uu [11]. B

Puc. 3. KpuocratHelit cpes aprepuu B obnactv BopoT
BpbihkeeyHoro J1Y kpbic B BospacTte 10 gHeit (a), 10.5 mec
(6) u 22 mec (8).
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HCCIICI0BAHHBIX HaMM BO3pacTHeIX rpynmnax (3-45
nHeit n 22-24 mec) BO3MOXKHBI Pa3iHuus B COOTHO-
LIEHUN CTPYKTYPHBIX KoMnoHeHToB JIV. B nepuoj or
3 npo 30 pgHel 3XKM3HM TPOMCXONMT YCJOXKHEHHE
HEPBHBIX CTPYKTYp. B nambueiimiem HaGnionaiorcs
yXke COpPMHUPOBABLIMECS HEPBHBIE  CTPYKTYpBI,
KOTOpbI€ B TakOM COCTOSHHUU (DYHKUMOHUPYIOT
JJUTENbHbIA nepuos. Y MOJNOABIX, 3peblX W CTapbiX
KPbIC allpeHepruyeckas MHHepBaLUs XapakTepH3yeTcst
HaliuMeM MHOXKECTBEHHBIX HEPBHBIX  BOJIOKOH,
oGpasylomux CIIETeHUs c perysspHo
PAacnoNiOKEHHBIMH BAPUKO3HBIMU YTOJILEHUSAMHU 110
BCeil UIMHE HEPBHOTO BONOKHA BO BeeX yacTax JIV (B
Karncyne, Tpabekynax, KODKOBOM H  MO3roBOM
BeulecTBe). Hanuuue Haubonbliero KonuuecTsa
aJIpeHepPrHYECKUX HEPBHBIX BOJIOKOH OMnpejena- eTcs
B apTepusx, Bnafaiowux B JIV, u B kancyne JIV, rae
HabJ1l0/1aeTCA CKOIJICHHE TIAJKOMBILIEYHBIX KJIETOK.
M3BecTHO,  ¥TO  aJpeHEpruyeckue  MeauaTophbl
OKa3bIBAIOT JIMCTAaHTHOE neiicTBue Ha
r1aJIKOMbILIEYHbIE KJIETKH, PACCTOsSHUE MEXIY HUMH
cootBeTcTBYeT 200 HM [13]. PerynsipHbie BapuKko3Hble
YTOJILEHHA y B3POCHBIX KPbIC MMesu Oonee sapKyio
(uoopecleHIo, YTO, BO3MOXHO, yKa3blBaeT Ha
BBICOKOE COIep)KaHWe B HHUX KaTe- XOJaMHHOB. B
NOCTHATANBIIOM OHTOr€He3e U3MEHSETCS YUCIIO CBA3ell
HelipoHOB ¢ opraHamu-mu- mwensmu [12]. Cuuraercs,
YTO TaKMe BapUKO3HbIE YTOJLIEHHs ABISIOTCA AENo
KaTexonaMuHoB [4]. Ho ¢ Bo3pacTom 3TH BapHKO3HbIE
YTOJILIEHUS! HAYMHAIOT YMEHBIIAThCA M B KAKHX-TO
CIJIETEHUAX Hcue3aloT coBceM (puc. 1, 3). Takxke y
22-24-Me- CAUHBIX KDBIC MOSBIAETCS MPEPHIBUCTOCTD
CBEUEHUA HEPBHBIX BOJIOKOH. [lo-BuamMoMmMy, K
CTapoOCTH y KPbIC CHUIKAETCA CHHTE3 KaTEeXOJIAMUHOB,
M UX 3a1achl B HEPBHBIX BOJIOKHAX PE3KO CHUIKAIOTCH.

CrapeHue CBA3BIBAOT CO CHIXKEHHEM BO30y-
JUMOCTH HEpBHbIX KieTok [9]. BoszpacriaBuchmbie
usMeHenus B JIY  XxapakTepusyioTcs sBJICHUAMU
CKJIEPO33, OKMPEHHEM  PETHKYJSAPHOH  CTPOMBI,
NpeBpalieHUEM PETHKYIISIPHBIX KIETKOK B JKHPOBBIE H
o0pa3oBaHHEM BHYTPH Y3la OKHPOBBIX JOJIeK, C
paspyuenuem kancynsl JIV B pesyibrate KHPOBOi
uHQumbTpauun. Ilpu 3TOM COXpaHAIOTCS COCYbl, B
CTEHKaX KOTOPbIX INPUCYTCTBYIOT aJpeHepruueckue
BOJIOKHA, HO €  YMEHbLICHHbIMH  3anacamu
KaTeXONaMUMHOB M, CJIEJIOBATENbHO, CO CHHXKCHHOH
AKTHBHOCTBIO. B3ATble u3 pasHeiX pernoHoB JIV we
NPOJEMOHCTPUPOBAIM  KaKoii-1n6o  ocobeHHOCTH
AIPCHEPruyecKoli MHHEPBALMHM B Pa3Hble MEPHObL
PaHHEro U Mo3JAHEro OHTOreHesa.

Takum 00pa3oM, TIOJNyYEHHbIE HAMM JaHHbIE
NO3BOJIAIOT YTBEPXKAATh, UTO C MEPBBIX AHEH MocT-
HAaTaJIbHOTO OHTOr€HE3a Yy KpPbIC MPOJOJIKACTCS
(bopmipoBaHNe 1 yCIOKHEHHE aIpeHEPrHiecKo-

ro annapata B TKaHaxX JIY, KOTOpble MOJHOCTHIO
dopmupytorest k 25-30-my o xku3Hu. Hauwnas c
30-aHEBHOTO BO3pacTa afpeHepruueckas HHHepBaLus
npesacTapiser coGoli  Xopoiwo  chopMUpPOBaHHBII
annmapatr BO Bcex dacTax JIY -— B kancyne,
TpabeKyjiaXx, KOPKOBOM M MO3rFOBOM BellecTBe. DTO
APKO-CBETALIMECA HEPBHBIE BOJIOKHA, 0Opasyloline
creTeHus C  perynsipHo pacnosioKEeHHBIMU
MHOKECTBEHHBIMH BAPUKO3HBIMH yTOJLIEHUAMH. Y
CTapblX  JKUBOTHBIX  MJIOTHOCTL M KOJHYECTBO
crleTeHnii coxpansercs BO Bcex uacTax JIY, Ho
APKOCTb CBEYEHHA YMEHbLINAETCA, BONOKHAB CIjie-
TEHHAX CTAHOBATCS MPEPBIBUCTBIMH, YMEHBIIAETCS
KOJIMYECTBO BAPMKO3HLIX YTOJNIIEHUH, HAM OHHU
ucyesaT cosceM. B mpouecce crapenus B JIV u3
pasHbIX PErHOHOB HAGNIONAIOTCA OJHOTUIHBIE H3-
MeHeHus. Bo Bce nepuobl MOCTHATajibHOIO OHTO-
revesa B JIV npeacrasieHa aapeHepruueckas MHH-
HEpBALlKMA, KOTOpas W OKA3blBAET BJIMSHME HA HX
(yHKLHIO, @ BO3PACTHbIE H3MEHEHMUS B XOJIe CTapeHHs
MOJKHO paccMaTpuBaTh Kak BO3PacT3aBU- CHUMYIO
HelipoJereHepaLuuio.

PaGota BbInoJiHEHA B paMKax Hay4HOro NpoekTa
AP05133060.
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ABSTRACT — The aim of the study was to estimate the
structural organization of a mesenteric lymph node in
comparative analysis at young rats of OXYS and Wistar.

We used a morphological method of a research. The age-
induced changes of lymphoid tissuc are various at Wistar
and OXYS rars. The structural answer of a lymph node is
optimum to three-months age of rats of Wistar. At the same
time, we noted reduction of structures of cortical substance,
especially lymphoid follicles and a paracortex, against the
background of increase of medullary substance at OXYS
rats. Observed changes of structure of lymph nodes are a
morphological equivalent of premature aging and confirms
carly decrease of drainage and immune functions at OXYS
rats,

KEYWORDS — lymph node, premature aging, OXYS rats.

INTRODUCTION

The problem of aging has great interest from
many experts of science and medicine. Uneil now chere
is no aging explanation, as well as is absent che univer-
sal theory of aging, The existing theories of lymphoid
(1] and humoral [2] ageings need representation of
mUl’Ph()]”le.\l Lqul\';\lkn(& h")lﬂ ])lTlPh()ld t]&éll&
including lymph nodes [3, 4, 5]. Age disturbances of
struceure and functions of peripheral lymphoid bodies
lead ro disturbance of an endoccological homeostasis
against the background of decrease of a lymph flow
and development of immunc insufficiency (6].

The immune deficit is considered as aging mani-
festacion. It was logical to assume chac the premarure
(accelerated) aging at OXYS rats can be connected
with morphology of regional lymph nodes. There is

T

an urgent need of a morph of functional assessment
oflymph nodes. Lymph nodes arc an integral part of
the gencral protective systcem of an organism in the
lymphatic region [5, 6, 7). Reactive changes of a design
of lymph nodcs not always find the cxphmnon espe-
cially, in presenilacion.

The aim of the stud,
is simultancous assessment of the structural organi-
zation of a mesenteric lymph node of young racs of
OXYS and Wistar.

MATERIALS AND METHODS

Rats of the Wistar and OXYS lines are received
from Center of collective use "Gene pools of laborato-
ry animals” of Institute of cytology and generics of the
SBRAS. N.G. Kolosova is a holder of the license for
OXYS rars. These racs have generically caused defect
of metabolism with great content of oxygen radicals
(oxidative stress), it is considered as an acceleraced
aging syndrome [8]. OXYS racs differ in low lifetime,
carly involute and pathological changes of incernals,
frequent developing of tumors in comparison with
Wistar rats 8,9, 10].

The experiment was executed on young white racs
of three-months age with a morphological research
of mesenteric lymph nodes of caudal group. Lymph
nodes fixed in 10% neutral formalin. After fixing we
adhered to the classical scheme of washing, dehydra-
tion, imbibition with a xylol, paraffin and preparation
histologic scctions on the microtome. Histologic sec-
tions of lymph nodes painted hemaroxylin and cosine,
azure-1l-cosine, trichromatic paint on Masson.

The morphometric analysis of structures of a
lymph node was carried our by means of a morpho-
metric grid and the Image-Pro Plus 4.1 program.
Staristical data processing was performed with licensed
statistical software package StacPlus Pro 2009, Ana-
lystSoft Inc. Data were expressed as average arichmetic
with definition of a standard (mean square) error.
Belonging to normal distribution was defined when
calculating criterion of Kolmogorov-Smirnov and the
accompanying indicators. A P-value < 0.05 was consid-
cred statistically significant.

RESULTS

The morphological analysis of results revealed
certain differences of the scructural organization of
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// penpheral lymphoid organs of Wistar and OXYS racs

/ i periment (Table 1, Fig. 1). Lymphoid tissue of
rars of Wistar reaches optimum development to three-

months age [6]. Degree of a maturity of a parenchyma
of lymph nodes is connected with cheir topographical
localizarion and belonging to the lymphatic region
[5.7]. Lymph nodes of young animals of Wistar
have an intermediate morphotype when cortical and
medullary substances are developed equally, proceed-
ing from the value of cortical and medullary index
(1.33£0.14). It reflects racher high immune and drain-
age potential of lymph nodes in the “hepatoenteric”
region (Table 1).

\ Table 1. Morphometric parameters of mesenteric lymph node structure of
young Wistar and OXYS rats (three-months age), %

nd indic
e g}r&(elﬁee_sssngericdlyrer:ph node .WISTAR i

“ (apsule E . | 5A47£0.57 5.54+0.62
Subcapsular lymphaticsinus ~ 13.50+0.30 1 2.65+0.26
Cortical plateau 17631045 143410.36*
]\;ylr:;]%mlgef?rm::;ve center e goaats
a?;]p;;rlg’llfglal':i(\l;s(enter | 506205 i 2000
Paracortex __{16.04+1.26  |5.66+0.31*
Medullary cords : 1 10.74+0.96
Medullary lymphatic sinus 17004048 4.692065
Total cross-sectional area 58.83+2.55 42.59+1.34*

Note: *P < 0,05 — statistical significance level between Wistar and OXYS rats.

WYL' saw thCl' l‘n()l‘Ph()l()giC:\l piC[LH‘C in mesenteer-
ic lymph nodes ac young racs of OXYS in three-month
age. Firscof all, the total arca of cross-section of a
> mesenteric lymph node decreased in 1.4 times. It leads
~ to change of the size of the majority of structural and
functional zones of a lymph nodc in comparison with
Wistar racs (cable 1, fig. 1). So, the corrical placeau (in
1.7 times), lymphoid follicles wich che germinative
center (in 3.3 times), a paracortex (in 2.9 times) are
reduced. Reduction of the area of cortical substance
structures happens at increase of medullary substance
in a mesenteric lymph node of racs of OXYS. The
character dynamic change of structure is indicated also
by the size of a cortical and medullary ratio, reaching
0.810.05 (Table 1). Noted changes of structure of a
lymph node demonstrace decrease of drainage and im-
mune function at rats of OXYS in chree monthly age.

| archiv euromedica | 2019 | vol. g
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DISCUSSIOGN

The incestinal lymphacic region is a parc of the
general protective system of an organism and includes
a tissue microregion wich lymphoid follicles, ves-
sels and lymph nodes [5]. It is in close contace with
external environment thar causes intake of antigenic
material from an intestines gleam, and lymphoid tissue
serves as a barrier on the way of this stream of anti-
gens. Localization of a lymph node defines forming of
morphological variant of structure according to the
principle of a regional determinant [6, 7).

The age-induced changes of lymphoid cissue
were various at rats of the Wistar and OXYS. Struc-
tural and functional zones of a lymph node reach the
greatest development in racs of Wistar. The genetic
defect at racs of OXYS led ro lag of development of
lymph nodes that is characterized by reduction of
cortical substance scructures against che background
of increase in medullary substance. Barrier function
of lymph nodes suffers. It is known thac early involu-
tion of a chymus gland wich decrease of the activity of
the T-cellular link of the immune system is observed
at OXYS racs [10, 11]. A morphological equivalent is
reduction of paracortical arca in a lymph node.

At the same time also the arca of lymphoid fol-

licles wich the germinative cencer decreases. Lymphoid

tollicles togecher wich paracortical area participate

in forming of the immune response. Regional lymph
nodes actively react to any changes of drained arcas,
bue che ereared serucrure of lymph nodes of OXYS
rats does not provide adequate drainage and immune
funcrions in the lymphatic region. Observed manifes-
tations of the accelerated aging of peripheral lymphoid
organs supplement the lymphoid and humoral theory
ofaging [1,2].

CONCLUSION

Results of researches allow to draw a conclusion
thar the struceural disorganization of peripheral lym-
phoid tissue developing at OXYS rats occurs carlier
and characterizes premarure aging and possible risk of
developing of pathology. It is expressed in minimiza-
tion of cortical substance struccures and increase of
medullary subscance of lymph nodes. These changes
are caused with feacures of the incestinal lymphatic
region. The found morphology of lymph nodes allow
to consider OXYS rats as universal model of immune
insufficiency. It needs to be considered ara rescarch of
PH[I]OgCHCSiS "\“d creation UFCUl'l’CC[iU“ fnC[l\UdS ar
premature aging.
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ABSTRACT — The article deals with the study of
interrelation of trace elements and morphology of lymph
nodes at different localization and age-related changes.
Lymph nodes of different localization at young and old
animals were analyzed by a morphological method with
definition of trace elements by roentgen fluorescent
method and the use of synchrotron radiation. There are
data on forming of the lymphoid-microelement association
important for integrative assessment of the structural
organization of lymph nodes. Structural modification

of lymph nodes has certain patterns, proceeding from
features of a microclement profile. The region-dependent
morphological variant of lymph nodes corresponds to a
certain content of trace elements and their correlation with
compartments of lymph nodes. Trace clements deficiency
and reduction of compartments of lymph nodes are
considered as predictors of aging of lymphoid tissue. The
results have practical significance to justify a higher trace-
element content in anti-aging programs.

5 — lymph nodes, trace elements, gerontology.

NTROD TION

L)rmph nodus arc peripheral organs of immune
and lymphatic system represencing difficule organized
structures reacting to different exo- and endogenous
factors [1,2]. Lymph nodes functions together with
trace elements. Many trace elements play an impor-
tanc role in maintenance of the optimum immune
response, showing regulacory, scruccural and scabilizing
functions [3, 4. Trace clements take an active partin
cofactors or catalysts of enzymes of free radical oxida-
cion in cells of the immune system [4, 5]. Activity of
enzymes and the immune system are closely related
with change of a trace clement homcostasis and,

Received 02 April 2020;
Received in revised form 19 May 2020;
Accepted 29 May 2020

finally, with change of the structure of peripheral lym-
phoid organs (1, 3]. Aging is connected with an im-
munogenesis problem that is defined by feacures of the
structural organization of peripheral lymphoid organs
according to the concepe of the lympharic region [1].
It does relevant studying morphological equivalents of
the immune response of lymph nodes depending on a
microelement profile and age.

The aim of the scudy is assessment the structural
organization and trace elements of lymph nodes ac
young and senile age.

MATERIALS AND METHODS

The experiment was conducted on white Wistar
rats wich the natural rate of aging at the age of the 3+
month (young animals) and 1.5 years (old animals).
Mesenteric, inguinal and tracheobronchial lymph
nodes were analyzed by a morphological method

Lymph nodes were fixed in 10% neucral forma-
lin. Afeer fixing we resorted to the classical scheme of
washing, dehydration, imbibition with a xylol, parafhn
and preparacion histologic sections on the microtome.
Histologic sccrions of lymph nodes painted hema-
coxylin and cosine, azure-11-cosine, trichromatic painc
on Masson. The cross-section area of lymph nodes
was standardized and taken for 100% that allowed to
estimate and compare the structural organization of
lymph nodes.

The content of trace elements (Sc, Mn, Fe, Cu,
Zn) in lymph nodes was defined by the roentgenfluo-
rescent method with use of synchrocron radiation. The
work was done at the shared research center SSTRC
on the basis of the Novosibirsk FEL/VEPP-4 -
VEPP-2000 mmplex at BINP SB RAS, using equip-
ment supported by project RFMEFI621 19X0022 [6].

The morphometric analysis of structures of a
lymph node was carried out by means of a morpho-
metric grid and the Image-Pro Plus 4.1 program.
Statistical data processing was performed wich licensed
statistical software package StatPlus Pro 2009, Ana-
lystSoft Inc. Data were expressed as average arichmetic
with definition of a standard (mean square) error.
Belonging to normal distribution was defined when
calculating cricerion of Kolmogorov-Smirnov and the
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Table 1. The content of trace elements in lymph nodes of young animals,
mig/g

Young rats of Wistar (three-months age), lymph nodes

ZE([: ents Inguinal mesenteric _tracheabronchial
i ) 13

Mn 4122032 215+013 254015

Fe (67255422 2548+20,66* | 221,4+12,12*

(u 16454035 648+047 5274017

In 1756281 68,71+2,52%  5826+2,30%

Se 0,96 + 0,05 1,38£0,05* 1,25+0,06*

Table 2. The content of trace elements in lymph nodes of old animals,
mkg/q

Old rats of Wistar (age 1.5 years), lymph nodes
gz::ems inguinal mesenteric tracheobronchial
2 13

Mn 4404063 2714014 334+025%

Fe 5387191 182,5+1433*  226,4+14,64
Q468027 529%035  537+0,14*

I 615+206 S127£172 47362283%
Se 0,73+0,08 1,14 +0,06* 0,81£0,04°

The note to tables 1-2: *P, , < 0,05; P, < 0,05 — the level of statistical
significance of distinctions

[1-4,7,8]. Lymphoid follicles are the most important
among other funcrional compartments of a lymph
node. Lymphoid follicles are responsible for prolifera-
tion of lymphoid cells (lymphopoiesis).

Trace elements show medium-to-high cor-
relation with lymphoid nodules in lymph nodes of
young animals. Trace elements differ on structure
in lymph nodes of different localization. There is a
positive correlation of lymphoid follicles concern-
ing Mn (r=0.37, p < 0.05), Cu (r=0.70, p < 0.001) in
a tracheobronchial lymph node; negative correlation
concerning Zn (r=-0.51, p < 0.01) in an inguinal lymph
node; positive correlation concerning Cu (r=0.52, p <
0.01), Mn (r=0.43, p < 0.05), Fe (r=0.69, p < 0.01) and
negative correlation concerning Zn (r=-0.38, p < 0.05)
in a mesenteric lymph node. It is possible to assume
emergence of lymphoid-microelement association
for ensuring lymphopoicric function at young age.

W obrained other data at old animals. The lack of
microclements reduces activity of enzymes that, in
curn, initsirut decrease in proliferation of cells and a
reduction of lymphoid follicles [ 1, 7-9]. There is a
loss of lymphoid-microclement association because of
casing or lack of corrclation between trace clements

EXPERIMENTAL RESEARCH
MORPHOLOGY, PHYSIOLOGY,
PATHOLOGY

and lymphoid follicles. It leads to decrease of function
of lymph nodes a senile age.

DISCUSSION

ThCrC arc SCVCral reasons OfCIOSC artenoon to a
Pl'()bl(’n] Of‘infcl'l'clafion OflliiCrOQICIIICIIIS ﬁnd struc-
tures of lymph nodes. First, immune function is con-
nected with development of compartments of a lymph
node in the process of proliferation and a differentia-
tion of immunocompetent cells [2-4, 7]; secondly,
existence of direct or indirect connection berween
trace clements and enzymes participating in prolifera-
tion of lymphoid cells [8], chirdly, purposeful uses of
trace clements for correction of the immune response
[7.9]. Trace clements have the modification properties
concerning scructure of lymph nodes, defining degree
of cell-mediated and humoral immunicy. Influence of
trace Cl&.’lnCn[S on [hC immune l‘CSP()nsC 1]:\5 '-\]"blgll()US
character and depends on localizacion of lymph nodes.
Level of content of trace elements leads to scructural
reorganization in a lymph node.

We consider thac sign of cffectively operacing
compartments is their interaction wich trace cle-
mens during che differenc periods of life. Forming of
lymphoid-microclement association carrics the region-
dependent character and leads to forming of a certain
morphological type of the structure of a lymph node.
Trace clements deficiency causes discurbances in the
immune system. [1, 4,7, 8]. Aging is accompanicd by
disorganization of internal structure of lymph nodes
depending on concentration of trace elements. The
imbalance of structure and trace elements in a lymph
node is the reason of decrease immune and drainage
functions of lymph nodes at senile age. Trace elements
prevent oxidant-dependent damage of tissue when ag-
ing, positively influencing an immunological home-
ostasis [4, 8]. It is possible to conclude char different
concentration OfmiCTOC]Cn\Cn[.\ Chﬂngc& struceures Ut‘
alymph node and forms cellular or humoral type of
th immune rL'SPOI]SC,

CONCLUSION

The obrained resules show pateerns of scructural
modification of lymph nodes, proceeding from age
and features of a microelement profile. Forming of
lymphoid-microclement association defines develop-
ment of lymphoid tissue at young age. The indispensa-
ble condition of functioning of lymph nodes is opti-
mum concentration of trace elements. Trace elements
enter cofactors of enzymes and possess the regulatory
and structural stabilizing function in lymph nodes.
Easing and loss of lymphoid-microclemenc association
is a predicror of aging of peripheral lymphoid organs
Destabilization of scructure and a microclement pro-
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< of lymph nodes deteriorates drainage and immune

funcrions in the lymphatic region. It is supposed that
prevention of microclements deficiency will allow to
mmprove the structural organization and to increase
function of lymph nodes thac will slow down process
of aging of lymphoid cissue.
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CELLULAR, BIOCHEMICAL, IMMUNOLOGICAL COMPOSITION,
PHYSICAL AND CHEMICAL, RHEOLOGICAL PARAMETERS
OF LYMPH AND BLOOD, VOLUME OF INTERSTITIAL FLUID,

DIURESIS IN YOUNG, MATURE AND OLD ANIMALS

Abstract. We studied water homeostasis and the composition of biological fluids from a young body to an old
one. We received a decrease in lymph flow, diuresis, and interstitial fluid volume in mature animals and a further
decrease in old animals in comparison with young ones. In the blood lymph of old animals, an increase in
cholesterol, triglycerides and total lipids was observed. Hemoglobin and platelets increased in the blood and and
lymph decreased-glucose. White blood cells in adulthood increased, and in old age decreased both in the blood and
in the lymph, but the percentage of neutrophils and monocytes increased. The number of neutrophils and monocytes
increased in old age. The number of immunoglobulins G I increased, the number of lymphocyte subpopulations
decreased, and especially SD-16NK, SD-20B in old animals in the blood and in the lymph. Data on biochemical,
cellular, ionic, immune parameters of blood and lymph, lymph flow, diuresis, composition and volume of interstitial
fluid, which corresponded to physiological changes from a young body to a mature one and later to an old one. But
these changes in the extracellular matrix and the lymphatic system reduce the body's homeostatic capabilities and
open the way to the development of diseases of old age.

Key words: lymph, blood, diuresis, interstitial fluid, lymphatic system, old age.

Once on land, animal organisms retained their liquid content in the form of tissue fluid, Lymph,
blood, cerebrospinal fluid, and other animal body fluids. The liquid washing the cells, tissues and organs
of the animal body is in constant motion and, despite the existence of numerous barriers, forms an
intraorganizational water cycle. Water homeostasis is a condition for the vital activity of any organism [1].
The main sectors in which the fluid in the cell body is located are the extracellular matrix, blood and
lymphatic capillaries and vessels. Biological fluids of any organism have a specific species composition.
Restructuring occurs in all age periods of life from early ontogenesis to old age [2]. It was interesting to
study the state of water sectors of the body and their composition in different age periods of life from a
young organism to an old one.

The purpose of the study: to study the state and composition of biological fluids during life.

Research methods. In accordance with the purpose of the study, the experiments were performed on
85 white laboratory rats of the Vistar line, of different ages, which were in the vivarium of the Institute on
a standard food and water treatment regime. The study was approved by the local ethical commission of
Asfendiyarov Kazakh National Medical University (Protocol No. 6 (83) of 29.05.2019). Deduction from
experience and painful manipulations on animals were performed under general ether anesthesia.

In young, mature and old age, the study of functional structural processes can be studied in a short
time period only in experiments and in laboratory animals — we chose rats. Determining the ratio of life
expectancy of rats and humans, we used a coefficient of 1.7 [3], which allowed us to refer animals aged
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1-30 days to the child's age of a person (1-15 years), animals 10-12 months to mature age (35-45 years),
and animals aged 2 years — to the elderly (over 75 years). The study followed conditionally selected age
groups — "young" (1-30 days), "mature" (10-12 months) and "old" (22-24 months). Anesthesia of animals
was carried out by inhalation, with ether through a mask, in which a cotton wool with ether was placed.
After anesthesia, an incision was made along the white line of the abdominal muscles, then the thoracic
lymphatic duct was dissected at the diaphragm, into which a graduated micro-cannula was inserted and
through which the lymph nodes were determined and collected for research. In the caudal part of the
abdominal cavity, after collecting lymph, the abdominal aorta was dissected and a teflon catheter was
inserted into it to collect blood.

In blood samples of lymph, the content of total protein, cholesterol, triglycerides, total lipids, urea,
creatinine and bilirubin was determined. The level of activity of the following enzymes was studied:
aminotransferase (Alat), aspartate aminotransferase (ASAT), and alkaline phosphatase amylase in the
lymph and blood plasma, which were determined by a common accepted method using an automotic
biochemical analyzer (COBOS INTEGRA 400). The cellular composition of blood, lymph, and urine was
determined using a hematological analyzer (SYSMEX KX-219 9). Electrolytes in lymph and blood
plasma were studied using the AVL 9190 analyzer (ROCHE DIAGNOSTICS, AUSTRIA 2012).
Determination of biochemical parameters of urine was performed using an analyzer (high technology USA
2013). The number of white blood cells and the leukocyte formula were determined in dry smears of blood
and lymph, colored by the method of S. P. Romanovsky. A light microscope (Leica - DM-1000) was used
to study lymph and blood smears. The volume of blood plasma was determined by hematocrit. The
volume of extracellular fluid was determined by passing a low-and high-purity current with subsequent
impedance measurement [4], using a rheograph (REO-MIZAR). The composition of interstitial fluid was
studied after obtaining it by the wick method [5]. The immunogram in blood plasma and lymph was
studied [6]. The subpopulation of lymphocyte composition was determined using flow cytometry using
monoclonal antibodies SD-3, SD-4, SD-8, SD-16,and SD-19, with the determination of the
immunoregulatory index on a flow cytometer (FAX CALIBUS). Immunoglobulins using an enzyme
immunoassay using commercial T systems (Vector Best). Blood pressure and heart rate in animals were
recorded through a surgical monitor sensor (DREGOR). «

The results of the experiments were processed by the method of variational statistics on a computer
using the Student's t-test criterion. The results were considered reliable at p<0.05.

Research result. The lymphatic content in young rats was 2.4+0.3 pl/min. at a weight of 44+5g. or
5.5£0.7 g per 100g. rat tissue, and in mature rats was 7.9+0.5 pl/min. when the weight of animals is
259+18g. or 3.1+0.2 pl/min. per 100g. tissue, in old animals 6.1+0.6 pl / min at a weight of 384.6+22 or
1.6+0.16 g per 100g. body weight (p<0.05). Blood clotting in young rats is 3.5940.4 min, and in mature
rats 3.48+0.4 min, and in old rats 2.88+0.5 min. In the lymph of young animals, the clotting rate is
3.90+0.5 min. in mature animals 3.68+0.4 min, in old 2.95+0.6 min. The blood viscosity is 5.5+£0.5 P in
the young in mature 5.3+0.4 P in old animals 4.5£0.5 P, in the lymph in young 4.4+0.5 P and mature
4.1+0.6 P, and old 3.6+0.5 P. With increasing age, there was a slight increase in clotting and an increase in
blood and lymph viscosity. The plasma volume of hematocrit in young rats is 48.0+4.2, in mature
45.0+£3.2%, and in old 44.3+3.6%. Heart rate in young animals is 496+15, in mature 48111, and in old
449+14 contractions per minute. Blood pressure in old animals was 108+6, 103+7, in mature animals, and
in young animal’s 94+11 mmHg. The Diuresis in young animals was 0.0019+0.0001 ml/min, and in
mature animals 0.0015+0.0001 ml/min, and in old animals 0.00099+0.00002 ml/min per 100 g of body
weight (p<0.05). The decrease was from young to mature 26% and from young to old 39% of rats.

We also noticed an increase in cholesterol and triglycerides and total lipids in the blood and lymph,
especially in old rats (cholesterol-15%; 45%; triglycerides-41%; 16%; total lipids-18%; 33%,
respectively). Glucose decreased slightly in mature rats by 26% in blood and 7% in lymph, and in old rats
by 40% and 16%, respectively (table 1). Other studied biochemical parameters of blood and lymph in
young, mature and old animals: urea, bilirubin, creatinine, total protein, a-amylase, Alat, ASATand alkaline
phosphatase fluctuated in the same values.
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Table 1 - Biochemical parameters of blood plasma and lymph in young, mature and old animals

Blood [ Lymph
Indicators young mature old young mature old

animals animals animals animals animals animals
Urea, mmol/l 4,7+0,8 4.9+ 0,7 5,33%0,7 6,22 3.9+ 02 5.5940,7
Bilirubin, mmol/l 3,32+0,94 3.47+091 1,72+0,75* 0.7 £0,02 0,5+0,04 0,6+0,03
Creatinine, micromol/l 43,82+3,08 42,8 +3,2 50,33+4,1 39,143,6 42,4438 44,33+2,7
Glucose, mmol/l 4,6+0,15 3,65 +0,18* | 2.810.21* 4,62+ 0,19 435+0,17% | 3,9%0,19*
Totalprotein, g/l 68,240,43 69,5 0,6 67,8+0,7 44+2 393 404 39,6£0,5
a-amylase, unit /1 480+45 485 +52 669,462 550 £50 570455 382,4+49
Alat, yikat 0,1340,03 0,14 £0,04 250,95-22 140+ 10,23 150 £10.8 151,949.9
ASAT, pikat 0,18£0,5 0,20£ 0,2 167.6+11 140+9.,0 160 £11,5 204,2£13,5
Totalcholesterolmmol/l 1,65+ 0,03 1,8+ 0,04 1,9+0,03 1,24 +0,05 1,3+ 0,04 1,8+0,06"
Triglycerides, mmol/l 0,85+ 0,04 0,95+ 0,03 1,240,1 0,68+ 0,03 0,7 0,05 0,79+0,07
Totallipids, g/l 1,5+ 0,04 1,65+ 0,05 1,78+0,04 1,2£0,04 1,3 40,05 1,8+0,08"
Alkalinephosphatase, E/I 342 +14 336 £12 387+14 41015 480 £17* 496+18"

Notes: reliable in comparison with the control, — p<0.5%, — p<0.01**

The analysis of the obtained results the cellular composition of lymph and blood, we found an
increase in white blood cell count by 50% and lymph by 11% in mature rats, and old there was a decrease
in white blood cell count by 35% and lymph by 16% compared to mature animals (table 2).

Red blood cells decreased by 6.8% compared to mature animals. There was a tendency to increase
hemoglobin with age in adulthood, it increased by 7%, and by old age by 13.6 %. Platelets in the blood
increased with age in the mature by 5%, and in the old by 12%.

Table 2 - Cellular composition of blood and lymph in young, mature and old animals

Blood Lymph
Indicators young mature old Young mature old

animals animals animals animals animals animals
WBC — leukocytes X109/l 5,040,2 7,55 0,1%% | 4,9+02% 13,7 +0,4 15,2+ 0,3% 12,8405
RBC — erythrocytes x 105/uL 7,3+0,2 7402 6,0£0,4 0,010,002 0,02£0,003 | 0,030,004
HIGB — hemoglobin g/dL 14,0503 15,0 40,3 15,640,5 5 g 5
Hect — hematocrit % 48,0 +4 45,0+£3,2 443436 - - -
PLT — platelets x 103/uL 405 14 425 £14 477,5+18 - - <
LYM % 52,0%2 55,534 52,54 87,2+ 0,8 85,0+ 0,8 95+1,2
LYM x 107/uL 2,6+ 0,2 2,7+ 03 2,3:0,4 11,9 40,3 13,0 40,4 12,240,5

Notes: reliable in comparison with the control, - p<0.5%,- p<0.01**,

The study of ions in blood plasma, lymph and urine did not reveal significant changes in old, mature
and young animals, only in the urine Na ions decreased by 11.3% in mature animals (table3) and 15% in
older animals.

Table 3 - The content of ions in blood plasma, lymph and urine in young, mature and old animals

Indicators ] Young rats [ Mature rats [ Old rats
intheblood
Cain the blood (mmol/l) 0,62 £0,05 0,58 0,03 0,52+0,06
Na" in the blood (mmol/I) 142 £6,0 140,5+5.4 139.5%7.5
K" in the blood (mmol/l) 3,95+£0.4 3,86 +0,3 3,75£0,5
in the lymph
Ca in the lymph (mmol/l) 0,44+ 0,04 0,4+ 0,03 0,36+0,04
Na" in the lymph (mmol/l) 137,554 135,1+ 4,5 134,0+6,2
K" in the lymph (mmol/l) 3,48+ 03 3,52+£0.2 3,40+0.4
in the urine
Ca in the urine (mmol/l) - - =
Na" in the urine (mmol/l) 18,5+ 2,0 16,41+ 1,02 15,7+1,01
K" in the urine (mmol/l) 3,05 40,2 3,14+ 0,1 3,09+0,1

Notes: reliable in comparison with the control, - p<0.5*, - p<0.01**
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When analyzing the immunological composition of blood and lymph, pay attention to the increase in
the number of white blood cells by 36% in the blood and 12% in the lymph in Mature animals, but in old
rats there was a decrease in their number (table 4). There was an increase in the number of neutrophils in
the blood and lymph (rod and segmented) and monocytes, and lymphocytes decreased in the blood and
lymph in old rats. In old animals, the blood level decreased by 52%, and in the lymph by 15%. The
number of IgG immunoglobulins increased, both in-the blood and in the lymph. The number of
subpopulations of lymphocytes in the blood of old animals decreased (especially SD-16 NK; SD-20
B-lymph) and some decrease was detected in the lymph (table 4).

Interstitial fluid (IL) was obtained using the wick method. Its composition in young animals
(in mmol/l): Na-135+£5; K-4+0.2; Ca-1.1+0.1; Mg-0.6+£0.02; Creatine-0.1; Glucose-4.9+0.2;
Urea-4+0.1 mmol/l; protein -0.9+0.1 g/l. In Mature animals, Na-139; K-4.3+0.4; Ca-0.9+0.07;
Mg-0.5+0.02; Glucose-4.5+0.1; Urea-4.2+0.3 mmol/l; protein -1.1£0.2 g/l. in old animals, Na-130+4;
K-4.1£0.5; Ca-0.7+0.08; Mg-0.4+0.02; Glucose-4.1+0.2; Urea-4.4+0.4 mmol/l; protein -1.1+0.2 g/l. As
we can see, the fluctuations were within physiological limits.

Table 4 - Immunological composition of blood
and lymph in young, mature and old animals

Blood Lymph
Indicators young mature old young mature old

animals animals animals animals animals animals
Leukocytes:1x10° 3,97+0,2 5,4+0,3* 3,45+0,4* 8,5+0,4 9,5+0,6 7,1£0,6*
Neutrophils rod-shaped - 2,8+0,08** | 2,6+0,09**
Neutrophilssegmentonuclear 12+1,1 39+] 4%* 58,3+2,8* 2+0,3 12:41.2% 9+0,9*
Monocytes 5,5+0,5 4,3+0.4 11,3+0,5* 140,07 240,05 4+0,09*
Eosonophils - 1+0,02 1,3+0,03*
Lymphocytes % 82+4 54£3%* 42,75+5%* 84,2422 92,0+1,8* 73,3+2,8
abs. 3,45+0,4 2,4+0,2" 1,6+0,4* 78,4+0,5 90,5+0,4* 72,5%0,6
Immunoglobulins
IgM 0,37+0,04 0,45+0,06 0,37+0,05 0,35+0,03 0,4+0,04 0,31+0,05
IeG 0,62+0,03 | 1,8+0,07** | 2,47+0,09** | 0,55+0,08 0,88:+0,06* 0,79:0,06
IgA 0,29+0,03 | 0,29+0,02 0,275+0,02 0,310,02 0,35+0,04 0,35+0,06
IgE 21,940,04 18,7+0,04 20,95+0,1 19:541.1 2240,9 21+0,8
Lymphocyte subpopulations
SD-3 49+2 3543* 58+4 47+5 49 +4 4344
T-lymph-s .
SD-4 2743 3242 21,743 28£2,2 2942 2643
T-helpers
SD-8 24+1 9£0,7% 24 £1,5 21 41,7 23£5 19+4
T-suppres-s
SD — 16NK 12+0,5 18+ 0,8* 7+ 0,9* 14 £0,9 12¢1.1 11£1,2
SD-20 10+0,6 4,25+ 0,8* 14,5+ 0,6* 12+ 1,1 15+ 1,2* 12+1.4
B- lymph-s
SD-4/SD-8 (index) 1.3 1.3 241* 1,34 1,26 1,37

Notes: reliable in comparison with the control, - p<0.5*,- p<0.01**

Highly hydrated and fat-free tissue has less electrical resistance than fat, bone, and epithelial tissue.
High-frequency currents pass through the extracellular and intracellular environment, making it possible
to estimate the fat-free mass,and lower-frequency currents propagate in the extracellular space. Alternating
current with a frequency below 40 kHz propagates mainly through vessels and interstitial slits, while
encircling cells whose resistivity (due to the high ohmic resistance of the membranes) is much higher than
the resistivity of the liquid media that make up the intracellular fluid [6]. To determine the volume of IL,
we used a rheography «REO-Mizar” with its electrical characteristics. The frequency of the probing
current of its electrodes is from 30-200 kHz, which allowed us to use its low-frequency currents
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(30-40 kHz) for research purposes. Groups of young and groups of mature and old animals determined the
number of IL in these groups using the lines of the ohmic resistance curves (the group of young rats is
33:3%; the group of mature rats is 29.5+3.3% of body weight, the group of old rats is 26.4+3.4% of body
weight). There was a decrease in IL to mature by 11% and to old by 20%.

Discussion. In our study, we obtained a decrease in the volume of IL from a young body to mature
age by 11% and to old age by 20%, plasma by 6.25% and 8.4%, respectively. The lymph flow decreased
by 40% to adulthood and 64% to old age, diuresis by 21.1% and 47.9%, respectively. Different values of
the optimal water content in the body's tissues are called, depending on age. But most scientists agree that
with age, hydration in the body's tissues decreases, especially when compared with childhood [7].
Lymphatic vessels and nodes in mammals in the first weeks of life are not able to transport lymph to the
venous channel with sufficient speed. Exogenous and endogenous effects only cause relaxation of the
lymphatic vessels and nodes themselves [8]. The morphofunctional picture of lymphatic vessels and nodes
at each stage of postnatal development of animals is reflected in the shifts of the scrotum in response to
neurogenic effects [8]. The gradual formation of the movement of lymph from the tissue to the venous bed
was detected [9]. In the first weeks after the birth of animals, the following extravasal forces (oncotic,
osmotic, hydrostatic pressure) and extralimphatic factors (respiration, vascular pulsation, intestinal
contraction, muscle contraction) act mainly on the processes of lymph formation. The results of our
previous studies showed the formation of innervation and structural elements in the wall of lymphatic
vessels and nodes [10]. The formation of their own mechanisms of lymph movement begins in rats at the
age of one or two months, when the leading role in the transport of lymph becomes its own contractile
activity of smooth muscle cells in the lymphatic vessels and nodes [11]. The volume of extracellular water
in newborns and young mammals gradually decreases as the motor activity of smooth muscle cells in the
Iymph nodes and vessels increases and the excretory function of the kidneys increases. All this does not
contradict the dynamics of the body's water sectors, biochemical and rheological indicators of blood and
lymph. The immune system of the blood undergoes synchronous changes with the lymphatic system [12].
These changes occurred both in the blood and lymph, and in the structure of the lymph nodes.

In old animals, there are involute changes in the lymphatic system and extracellular matrix. These
structural changes are associated with tissue hypoxia, a shift in the pro - and antioxidant balance to the
acidic side, the appearance of free radicals, and changes in lipid peroxidation. There is fibrosis, atrophy,
which lead to deformation of the lymphatic capillaries [13]. Sclerosis develops in the walls of blood
vessels and lymph nodes, which changes their smooth muscles [14]. The change also occurs in the
sympathetic innervation nodes [10]. Aging processes are observed in the internal structure of lymph nodes
— reticular tissue turns into collagen fibers, the cellular composition of lymphoid tissue changes —
lymphoid cells and lymphoid nodules decrease [15]. Thus, a complex of changes in the body's biological
fluids and primarily in the extracellular matrix of the lymphatic system reduces the body's homeostatic
capabilities and opens the way to the development of diseases of old age.

Conclusion. We received a decrease in lymph flow, diuresis, and interstitial fluid volume in mature
animals and a further decrease in old animals in comparison with young ones. In the blood lymph of old
animals, an increase in cholesterol, triglycerides and total lipids was observed. Hemoglobin and platelets
increased in the blood and in the blood and lymph decreased - glucose. White blood cells in adulthood
increased, and in old age decreased both in the blood and in the lymph, but the percentage of neutrophils
and monocytes increased. The number of neutrophils and monocytes increased in old age. The number of
LgG T immunoglobulins increased, the number of lymphocyte subpopulations decreased, and especially
SD-16NK, SD-20B in old animals in the blood and in the lymph. Data on biochemical, cellular, ionic,
immune parameters of blood and lymph, lymph flow, diuresis, composition and volume of interstitial
fluid, which corresponded to physiological changes from a young body to a mature one and later to an old
one. But these changes in the extracellular matrix and the lymphatic system reduce the body's homeostatic
capabilities and open the way to the development of diseases of old age.

This work was supported in the framework of a research project AP05133060 MES RK.

s Y e




image81.jpeg
ISSN 2224-5308 Series of biological and medical. 3. 2020
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«AnaM xaHe Kanyapnap GU3HOIOTHICh HHCTHTYThDY , Anmarsi, Kasaxcran;
'KP FK BFM «A, PMK, A. K TaH;
29n-dapabu arsinaarst Kaszak ynrreik Kasaxckuii yausepeuteti, AnMars

IKAC, EPECEK JKOHE KOPI )KAHYAPTAPABIH JIMM®A MEH KAHBIHBIH ’KACYIIAJIBIK,
BHOXUMMUSLIBIK, UMMYHOJIOTHUSUJIBIK KYPAMBI, ®U3UKA-XUMUSLIIBIK,
PEOJIOTHSUUIBIK KOPCETKILITEPI )KOHE APAJIBIK CYIBIKTBIK KOJTEMI MEH INYPE3

Annoranusi. Toxkipube MHCTHTYTTBIH BUBADHBIHAA CTAHAAPTTEI TAMAK JKOHE CY PeKHUMiHe GonFaH apTypili xactarsl, 85 ak
naboparopusibik Vistor sxenicinueri ereyKyiipbiKTapra xyprisini. JKacran kapi opranusmre Jeifin Cy/biH roMeocTasblH KoHE
OHOJIOrMSIIBIK CYHBIKTBIKTAP/BIH Kypambl seprreningi. JKac xanyapiapra Kaparanja epecekTeH oian api Kapinikke Jeiin nnmda
QAFBICBIHBIH, AHYPE3iH, MHTEPCTHUHAINbI CYIBIKTBIKTEIH KOJICMIHIH ToMeH/eyi maiina Gomuel. JKac yiaralobIMeHn KaH MeH TuMda
Keli0ip TYTKBIPIBIFEI apTybl MEH YHBIFBIUTHIKTBIH Kymieioi Gaiikamipl. [emarokput GoMbiHIIA TuIasMa KejeMi TOMEHJICH.
EreykyipbIKTap[blH KapTThiK KE3eHIHAE a3/araH JKYPEK KUbIPBUIYbI JKMINFiHIH TOMEHJEYI KOHE apTEpHsIIBIK KbICHIMBIHBIH
JKOFapbulaybl aHbIKTanubl. Kapi sxkanyapnapasie muMpackl MEH KaHBIH/A XONECTEPHH, TPUITIHLEPHATED MEH JKaJIITbl JTHITHATEPIR
yirratosl Gaifkangel. Kampa remoro6un skome TpoMGOmMTIEp oOCTi, al Kan MeH imMbana rmokosa Tomenueni. Epecex
JKacTarbUlapia JEHKOWMTTEp YIIFalbl, al Kopimikre Kampga ja, JuMdama aa Temenjeni, Gipak mnaibI3ablK KaTkIHacTa
HeiTpoduiIaep, MOHOLMTTEPAIH caHbl apTThl. KapTThikKa Heltrpoduiiaep MeH MOHOLMTTEPAIH canbl apTThl. Kopi xkanyapnapibin
LgGl uMMyHOMOOYIMHAEPIHIH CaHbl apTThl, KaHJAAFbl KoHE JuMQanarsl nuMpOUMTTEpAiH CyOrmonyisumus caHbl acipece
C - 16 NK, C - 20B Tomenzemi. Kopi xaryapnapya numda kyiteci MeH jkacyllaJaH ThIC MATPEKCTE HHBOJIOTHBTIK e3repictep
Gaiikamazsl. By KypeUIBIMABIK €3repicTep TiHAIK THIOKCHAMEH, MPO-XKOHE aHTHOKCHIAHTTEIK TEMe-TEHIIKTIH KBIITKBLT XKaKKa
KbIKbIybIMEH, 60C pajuKaiapabie naiiga 6omybiMen GailianbicThl, JIMMUATEPAIH TOThIFYbI 03repeai. Pubpos, arpodus naiina
Gonajbl, 0 KaH koHe JuMpa Kanuusprapbivbig JAedopmanusceina okenesti. KanHbiH GHOXMMHUMIBIK, KaCylIaibiK, HOHIBIK,
HMMYHZBIK KOPCeTKIIuTepi, nuM(a arbichl, AMYpPe3, HHTEPCTHLHANBAB CYHBIKTBIKTBIH KypaMbl MEH KoleMi GoiiblHIIA Xepexrep
JKac ar3ajlal JKeTiIreH JKoHe OJaH opi Kopillik ar3ara cail (JM3HONOIHANLIK e3repicTepre coiikec kenedi. bipak jkacymanan Teic
Marpuke TieH Jumda KyleciHueri ockl e3repictep aF3aHblH FOMEOCTATHKAIBIK MYMKIHIKTEPIH TOMEHIAETE/ll JKOHE KapTThiK
aypynapbiHbIH aMyBIHA JKOJI Alazbl.

Tyiiin cosep: mimba, KaH, IHype3, HHTEPCTHLMANBIB! CYHBIKTHIK, THM(ba xyiieci, Kopiik.

I'.A. Jlemuenko!, C.T. Tyneyxanos?, C.H. A6apemos',
A.M. Kanexemos!, C.0. Ocuk6aesa?, B.A. Hypmyxanosa', K.H. JKaxuna?

PI'TT «MuctutyT dusnonoruy yenoseka n xuBoTHEIX» MOH PK, Anmatsi, Kazaxcra;
"Kazaxckuii HaUMOHATBHLIH yHuBepcuTeT uM. anb-Papabu, Anvarel, Kazaxcran

KJIETOYHBIA, BUOXUMUYECKUI, UMMYHOJIOTHYECKHI COCTAB,
PUBUKO-XUMHUYECKHE, PEOJIOTHYECKHUE ITOKA3ATEJIU JIMM®bI U KPOBHU,
OBBEM UHTEPCTULIUAJIBHOM XKUAKOCTH, IUYPE3 Y MOJIOJBIX,
3PEJIBIX U CTAPBIX JKUBOTHBIX

Aunotanusi. SKCIepUMEHTHI BLIIONHEHb! Ha 85 Genpix mabopaTopHbIX Kpeicax MHHUH Vistor, pa3sHOro Bo3pacra, KOTOphIe
HaxXoJWIXUCh B BHBAPDHM MHCTHUTYTa Ha CTAHAAPTHOM IIHIIEBOM W BOJHOM pexume. HZY‘IHHH BGﬂHLlﬁ TOMEOCTd3 W COCTaB
OMONIOTHYECKUX JKMJIKOCTEH OT MOJNOJOr0 OpranusMy K crapomy. Ilomywmmu crmkenne jimuMQortoka, auypesa, obbema
MHTEPCTHIHANBHOH JKMJIKOCTH y 3peibIX M JanbHEiilllee CHMKEHHE K CTaphlM JKMBOTHBEIM B CPaBHCHMM ¢ MonoisiMu. C
YBEIMYCHHEM BO3pacTa HaGMIOANoCh HEKOTOPOS YCHICHHE CBEPTHIBAEMOCTH H MOBBINICHHE BA3KOCTH KPOBH M IuMpbl. O6neM
TIIA3MBI 110 TEMATOKPUTY cHIDKasics. OGHapyxuiioch Hekotopoe ypexenne YCC U MOBBIMICHHE aPTEPHAIBLHOTO JABICHHS Y KPBIC
K crapocTH. B yuMde 1 KpoBH y CTaphiX XWBOTHBIX HAOTIONANOCH YBEITHYCHHE XOJIECTEPHHA, TPHIITHIEPHIOB 1 OOILIMX JTHITHIOB.
B kposu yBemuumics reMorno0uH M TpoMOOUMTHI, @ B KPOBH H JHMM(E CHH3MIACH INIHOK03a. JICHKOLMTEI B 3penoM Bo3pacTe
YBEIMYHIIMCH, @ K CTAPOCTH CHU3MIMCH KaK B KPOBH, TaK M B MHM(e, HO B NPOILEHTHOM OTHOIIECHUH YBEIHYMIOCH KOIHYECTBO
HEHTPO(UIIOB, MOHOUMTOB. YBENMUMIOCH KOJIMYECTBO HEHTPO(HMIIOB M MOHOLMTOB K CTApOCTH. YBEIMYMIOCH KOIHYECTBO
ummynorno6ymmnos LgG I, chusmock konuuecTBo cybnonyisiun numdonuros i ocobenno CJ[— 16NK, CJ] - 20 B y crapeix
JKMBOTHBIX B KDOBH ¥ B IHMe. Y CTaphiX JKHBOTHBIX HAOMIONAETCS HHBOMIOTHBHEIC H3MCHCHHS B JMM(ATHICCKOI CHCTEME H
BHCKJICTOYHOM MaTpekce. DTH CTPYKTypHble H3MEHEHHS CBS3aHBl C TKAHEBOH TMIIOKCHEIl, CABMIOM NPO-H aHTHOKCHIAHTHOTO
paBHOBECHA B KHCITy10 CTOPOHY, TIOSABJIIEHUIO CBOGD}lHHX pauuka.noa, MCHACTCS TICPEKHCHOC OKHUCJICHHWE JIMTIHIO0B. Bo3znukaer
uGpos, arpoduss, KoTophie NPHBOAAT K HedOpPMAIH KPOBEHOCHHIX U JuM(aTHiecKux Kamauispos. JlaHHEe 110
OMOXHMHYCCKHM, KICTOYHBIM, HOHHBIM, MMMYHHBIM IIOKA3aTeIsAM KPOBH H ITMM(BI, THM(OTOKY, AHype3y, COCTaBYy U 06BEMY
MHTEPCTHLHATBHOH KUIKOCTH, KOTOPIE COOTBETCTBOBANH (DM3HONOIMUCCKHM H3MCHEHHSIM OT MOJIOZOTO OPTaHH3Ma K 3peoMy
B janbHeiimeM K crapomy. Ho yke 3TH W3MEHEHMs BO BHEKJICTOYHOM MAaTpHKCE M JMM(ATHUECKOH CHCTEME CHHKAIOT
TOMEOCTATHYECKHE BO3MOKHOCTH OPraHH3Ma H OTKPBIBAIOT ITyTh K Pa3BHTHIO OOJIE3HEH CTApOCTH.

Kuarouesnie cniosa: numda, KpoBs, JHype3, HHTEPCTHIHATBHAS KHIKOCTB, THM(ATHYCCKas CHCTEMA, CTapOCTb.
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