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ABSTRACT

Report 28 page., 8 illustration, 9 table., 36 source, 2 appendix

SUBSTANCES, PRODUCTION, CYCLODEXTRINS, INCLUSION COMPLEX, NANOCOMPLEXES, BETULIN, SESAMINE. Calligonum, SOLUBILITY, PHYSICO-CHEMICAL CHARACTERISTICS, HEPATOPROTECTIVE EFFECT, ANTIOXIDANT ACTIVITY
The object of the study: For the first time, plants of the genus Calligonum, Barbarea vulgaris R.BR, Circaea lutetiana L., Chamanerion latifolium (L.) Th.Fr.et Lange, Betula pendula Roth. 
The purpose of this work is the development of the drugs based on individual plant substances for correction of chronic diffuse liver diseases.
Materials and methods: generally accepted methods given in the State Pharmacopoeia of the USSR of the XI edition and the State Pharmacopoeia of the Republic of Kazakhstan. Instruments: HPLC Agilent 1200 (Agilent Technologies, USA) equipped with a diode array detector and a Zorbax RX C18 5 μm column, 3.0x150 mm (PN 883967-302); spectrophotometer Cary-50 (Australia); spectroscopy ATR-FTIR (Infrared conversion with Fourier transformation and total reflection), DSC (Differential Scanning Calorimetry), Olympus CX-41 light microscope, FTIR spectroscopy

Results and novelty -

- created a supramolecular complex betulin: cyclodextrin, which showed a pronounced hypolipidemic and anti-inflammatory effect; increasing the absorption of free radicals and the antioxidant properties of betulin;

- the affinity constant of the sesamin complex: cyclodextrin was 982.35 M-1, the solubility of sesamin increased 10 times, according to biochemical studies of blood serum and liver showed a hepatoprotective effect;

- the complexation of the zhuzgun substance with both types of cyclodextrin derivatives showed that the solubility of the substance is higher and has the most pronounced effect of stimulating phagocytic activity in conditions of immunodeficiency of phagocytosis processes, which indicates immunomodulatory and immunostimulating effects.

Documentation for preclinical studies has been prepared.

Applications field: chemistry of biologically active substances, pharmacology, nanotechnology, pharmacy.

Cost-effectiveness or value of work-

the scientific significance of the research carried out lies in the development of effective methods for the complexation of individual substances with cyclodextrins

The practical significance 
- in the creation of an effective supramolecular complex of betulin and HPβCD, which has a solubility three times higher than the betulin substance and a more pronounced hepatoprotective effect;

- in the creation of an effective sesamin complex, the solubility of which is 10 times higher than the initial substance, with the predominant hepatoprotective effect of the sesamin nanocomplex, increasing its bioavailability;

- in the pronounced immunomodulatory and immunostimulating effects of the ethyl acetate fraction of the zhuzgun with a pronounced antioxidant effect

Predictive assumptions about the development of the object of research: reliable drugs for the treatment of liver fibrosis as a result of alcoholic and non-alcoholic steatohepatitis will be used as competitive nanopreparations for the treatment of liver pathology using substances from constantly renewable natural resources.
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TERMS AND DEFINITIONS
In this research report, the following terms and definitions are used:
	Alcoholic steatohepatitis
	· is a chronic inflammatory liver damage caused by the toxic effects of ethanol on the liver

	Antioxidants are substances that inhibit oxidation;
	· any of a variety of chemicals, including natural body products and nutrients from food, that can neutralize the oxidative effects of free radicals and other substances

	Chromatography
	· is a method of separation, isolation and identification of organic substances based on the different distribution of substances between two phases

	Chronic diffuse liver diseases
	· are a fairly large group of liver diseases of various etiologies. The causes of these diseases are most often hepatitis B, C, D, G viruses, toxic substances (alcohol, drugs, industrial toxins, drugs)

	Сomplex 
	· is a system, a collection of something combined together, having a common purpose, and meeting a certain common goal

	Сomponent
	· is a constituent part of something, mainly some chemical compound 

	Concentrated solution
	· a solution containing the maximum possible content of a solute

	Concentration
	· is the amount of a substance contained in a unit of volume (solution or gas)

	Cyclodextrins
	· belong to the class of natural macrocyclic oligosaccharides obtained by enzymatic isomerization of starch

	Differential Scanning Calorimetry
	· is a technique used to study what happens to polymers when heated

	Fibrosis of the liver
	· is an overexpressed healing process with the formation of an excess amount of connective tissue incorporated into the liver tissue

	Fourier transform infrared spectroscopy
	· is a set of methods for measuring spectra of various nature, in which the spectrum is calculated not by the signal intensity or the spatial region (for optical spectroscopes)

	Hepatoprotectors
	· are medications that help restore and maintain basic liver functions

	Immunomodulators
	· heterogeneous biologically active substances that affect the immune system or participate in its functioning

	Immunostimulants
	· are substances that stimulate the body's nonspecific resistance and immunity (humoral and cellular immune responses)

	Light microscope
	· is an optical device that allows you to obtain an enlarged image of hard-to-see or generally invisible objects (or details of their structure)

	Nanosystem
	· is a system (including nanomaterials and nanodevices) containing structural elements - nanoobjects, the linear size of which at least in one dimension has a value of 1-100 nm, which determine the basic properties and characteristics of this system

	Non-alcoholic steatohepatitis
	· is an independent nosological unit, which is characterized by an increase in the activity of liver enzymes in the blood and morphological changes in liver biopsy specimens, similar to changes in alcoholic hepatitis; however, people with NASH do not consume alcohol in quantities that can cause liver damage

	Patent documentation
	· is a set of published and unpublished documents containing the results of research, scientific and design and initiative developments, declared or recognized as discoveries, inventions, industrial designs, utility models, as well as information on the protection of the rights of inventors, patent holders, holders of diplomas and certificates of registration of industrial facilities

	Polymers
	· are substances consisting of "monomer units" linked into long macromolecules by chemical or coordination bonds

	Polyphenols
	· groups of aromatic substances containing free and bound hydroxyl groups

	Preclinical studies
	· are a fundamental stage in the development and implementation of a medicinal product in clinical practice, allowing timely study of pharmacological, toxic and pharmaceutical properties and assessment of efficacy and safety

	Reagent (in qualitative analysis)
	· a substance that enters into a characteristic reaction with another substance and thereby gives a possible substance

	Solubility
	· is a characteristic value for simple and complex substances that determines the largest amount of a substance that can be dissolved at a given temperature in 100 g of a solvent (water, alcohol, etc.)

	Specific developers
	· reagents that identify certain groups of compounds

	Substance
	· a substance of proper purity, from which medicines and dosage forms are made in industry


SYMBOLS AND ABBREVIATIONS
In this research report, the following terms are used with the corresponding symbols and abbreviations:
	ALT
	· alanine aminotransferase

	ANOVA
	· one-way analysis of variance

	ASH
	· alcohol steatohepatitis

	AST
	· aspartate aminotransferase

	ATR-FTIR
	· Attenuated Total Reflection - Fourier Transform Infrared Spectroscopy 

	CD
	· cyclodextrin

	CDLD
	· chronic diffuse liver disease

	DPPH
	· 2,2-diphenyl-1-picrylhydrazyl

	DSC
	· differential scanning calorimetry

	ELISA
	· Kit for Tumor Necrosis Factor Alpha

	EPABA
	· ethylparaaminobenzoic acid

	EurAsEC
	· Eurasian Economic Community 

	EА
	· ethyl acetate fraction 

	FTIR
	· Fourier-transform infrared spectroscopy

	GSH
	· glutathione

	HFD
	· high fat diet

	HOMA-IR index
	· insulin resistance index

	HPLC
	· high performance liquid chromatography

	HPβCD
	· 2-Hydroxypropyl-beta-cyclodextrin

	IL-6
	· Interleukin 6 

	IR spectroscopy
	· infrared spectroscopy

	IU
	· international unit

	MES RK
	· Ministry of Education and Science of the Republic of Kazakhstan

	NADPH
	· nicotinamide adenine dinucleotide phosphate

	NASH
	· non-alcoholic steatohepatitis

	NMR
	· Nuclear Magnetic Resonance (NMR) spectroscopy

	PI
	· phagocytic index

	RSCI
	· Russian Science Citation Index

	TBA
	· thiobarbituric acid

	TBARS
	· thiobarbituric acid reactive substance

	TBHP
	· tert-butyl hydroperoxide

	TGFβ
	· the tumor necrosis factor β

	TNFα
	· the tumor necrosis factor α

	UV spectroscopy
	· ultraviolet–visible spectroscopy

	WHO
	· World health organization


INTRODUCTION
Assessment of the current state of the scientific and technical problem being solved
The main goal of the State program for the development of the pharmaceutical and medical industry of the Republic of Kazakhstan is to ensure a systematic reduction in the dependence of the health care of the Republic of Kazakhstan on the import of medicines by more fully using its own production facilities, raw materials, scientific and technical potential and creating new pharmaceutical industries based on modern technologies.

One of the main priorities of the socio-economic policy of the government of the Republic of Kazakhstan and the current state import substitution program is to provide the population with medicines of domestic production, as a result of which much attention is paid to the production of ready-made dosage forms from plant raw materials. It is known that the pharmaceutical market in Kazakhstan is dominated by imported medicines. Although there is a gradual increase in the share of domestic products, more than 90% of retail sales are foreign-made drugs.
In recent years, a number of works on the creation of original medicines based on domestic substances with pronounced activity have been known. Despite the achievements in this direction, the active search for new drugs continues.

Today, Kazakhstan, with its production facilities, scientific and human potential to organize the production of its own medicines, is able to create and develop new highly effective drugs.

Basis and source data for theme development. The Foundation is funded by the theme "Development of drugs for the correction of chronic diffuse liver diseases on the basis of individual herbal substances", included in the priority "life Sciences and health", in pagepriority "Fundamental and applied research in the field of biology to find new drugs, their pharmacological studies and the technology of production of original drugs," according to the Competition of  MES RK for grant financing of scientific and (or) scientific-technical projects for 2018-2020 from 15.08.2017, No. 410.

Justification of the need for research. CDLD  (hepatitis, steatohepatitis, liver fibrosis / cirrhosis) can be distinguished among the most widespread diseases of civilization, taking the scale of epidemics. Mortality from the latter, according to WHO, is 10-20 cases per 100 thousand population, in the USA it takes 4th place. According to WHO statistics, approximately 30% of adults suffer from liver diseases, which are somehow associated with the negative consequences of life in megacities; according to WHO, about one third of all people on earth are infected with the virus that causes hepatitis and kills about a million people every year; in most regions of Russia, persons aged 15 to 29 years (70–80%) predominate among patients with acute hepatitis (70–80%), while children make up 3.3–3.6%. In the EurAsEC countries, as in the whole world, a high level of hepatic pathology is noted, which tends to increase both morbidity and mortality from complications in the form of fibrosis and cirrhosis. The researchers found that patients with cirrhosis and chronic liver disease recorded an overall mortality rate of 40 percent after contracting COVID-19. The experts studied the medical records of 152 patients from 21 countries with chronic liver disease and cirrhosis of the liver who contracted the coronavirus. A study published in the Journal of Hepatology found that patients with advanced cirrhosis had the highest mortality rate (up to 63 percent) compared to 12 percent for patients with other chronic liver disease but no cirrhosis. According to the World Health Organization, the mortality rate from liver cirrhosis in the Republic of Kazakhstan in 2003 was 57.2 cases per 100,000 population.

In recent years, interest in molecular encapsulation of medicinal substances with cyclodextrins has sharply increased in connection with new promising capabilities of nanosystems (increased solubility, increased bioavailability of active substances, masking bitter taste, reduced harmful effects on the microflora of the gastrointestinal tract, the ability to control the release of an active substance, the ability exclude the interaction of incompatible components in combined preparations, protect unstable substances from exposure to light, moisture), which is necessary for the development of drug formulations.

Among the nanoparticles that are possible drug carriers (dendrimers, fullerenes, nanotubes, etc.), the use of which in practical medicine is currently being intensively studied, cyclodextrins are the least foreign to the human body.The use of the cyclodextrin and drug complex will allow solubilizing and stabilizing the active ingredient inside the nanoparticle, which will lead to an increase in the active form of the drug in the target organ. Modification of the cyclodextrin structure is aimed at increasing the number and volume of hydrophobic centers in the Nanosphere structure.

Information about the scientific and technical level of development

On the subject of research published 19 papers, 1 filed an application for a patent of RK, 1 article in journal with high impact factor (IF 5.065, Q1, 92% percentile),2 books, 1 magazine article from RSCI, 10 articles in journals recommended by Committee for supervision of the MES in education, 4 titles and abstracts for International scientific conferences.

In General, the scientific and methodological level of the work performed corresponds to the analog published in the open scientific press.

Purpose of work. The aim of the work is to develop medicines for the correction of chronic diffuse liver diseases based on individual plant substances.

List of names of completed stages of this project:

·  2018 year inv. N 0218РК01024. Collection and purchase of raw materials, development of cooking technology. Isolation and purification of individual biologically active substances in Kazakhstan and Belarus. Development of methods for complexing plant substances, products with cyclodextrins. Assessment of aggregation by physical and chemical methods. A screening study of substances on models of steatosis, steatohepatitis 
· 2019 year inv. N 0219RK01028. Study of the effectiveness of the studied nanocomplexes on the model of alcoholic steatohepatitis. Study of the effectiveness of the studied nanocomplexes on the model of non-alcoholic steatohepatitis.

Patent research and conclusions:

Based on 10 years of patent research, it was found that the topic is patentable and competitive.

Patent research has been conducted on methods of encapsulation of substances of plant origin, on hepatoprotective drugs and methods of preparation, on broad-spectrum herbal remedies, and on new medicines.

On the basis of patent research, trends in the development of research on plant substances and the creation of domestic phytopreparations based on them that are competitive and effective in their use are revealed.

Information about metrological support. The measuring equipment is subject to annual verification in the metrological services of the University with the appropriate laboratories in accordance with the established procedure.
Relevance of the topic. The search for new promising hepatoprotectors that protect liver parenchymal cells is an urgent problem of world pharmacology. To date, the production of medicines of this type is limited in the EurAsEC countries, with the exception of several names of hepatoprotectors, while reliable means for the treatment of liver fibrosis in the outcome of alcoholic and non-alcoholic steatohepatitis are completely absent in world practice. Therefore, a scientifically based search for new promising substances for the correction of CDLD relevant and timely. Relevance of the topic.
Novelty: first

- structures, stability, and bioavailability of new cyclodextrin-based nanoparticles have been identified, as well as multi-dimensional characteristics of their biological properties;

- individual biologically active substances of plant origin were identified for use in targeted transport of plant substances to the target organ (liver);

- pharmacological effects of nanocomplexes in CDLD (alcoholic and non-alcoholic steatohepatitis) were established.

Relation of this work to other research papers
This work is devoted to the development of nanopreparations for the correction of chronic diffuse liver diseases based on individual plant substances, which is associated with priority areas for the search for new drugs, their pharmacological research and technology for the production of original medicines based on domestic plant raw materials for medicine and pharmacy using their production facilities.

The goal of the last stage of work is to analyze the results obtained, prepare patent documentation, select the most effective nanocomplexes for preclinical testing, and prepare documentation for preclinical research.
Tasks for 2020:

- Analysis of the results obtained. Preparation of patent documentation. Selection of the

most effective nanocomplexes for preclinical testing
- Preparation of documentation for preclinical research.          
MAIN PART

Many cyclodextrin derivatives have a well-studied level of clinical safety. Studies of the complexation of cyclodextrins with medicinal compounds are carried out in a number of laboratories in various countries. A water-soluble drug composition and a method for its preparation have been created for such well-known drugs as Sibazon, Azaleptin, Mezapam, Indomethacin, which showed a decrease in the therapeutic dose of the drug by several times [1]. Known complexes of β-cyclodextrin with non-steroidal anti-inflammatory drugs (paracetamol, ibuprofen, ketoprofen, flufenamic and mefenamic acids, etc.), steroids, prostaglandins and prostacyclins, barbiturates, sulfonamides, cardiac glycosrins, monocarboxylic acid complexes and other drugs, known complexes of cyclodextrin with monosaccharides, uronic acids [2, 3, 4].

The combination of silymarin with β-cyclodextrin (β-CD) increases the bioavailability of drugs 6.6 times [5] as an excellent hepatoprotector [6], and the combination of baicalein with β-CD  improves bioavailability by 165% [7], a hydrogel for vaginal applications based on baicalein and oxypropyl-γ-CD [8]. The combination of soy isoflavones with β-CD increased the bioavailability to 170-180% [9]. Hydroxypropyl-β-CD also increased the bioavailability and penetration of puerarin across the blood-brain barrier, thereby improving the therapeutic effect of polyphenol in cerebral ischemia-reperfusion in rats [10]. In patients with type 2 diabetes and compensated alcoholic liver damage, oral administration of the silibinin-β-CD complex significantly reduces the levels of glucose and triglycerides in blood plasma, inhibited lipid peroxidation, and improved insulin activity [11].

Over the past decade, pharmacologists have paid close attention to the use of plant substances with a wide spectrum of biological effects, in particular anti-inflammatory, immunomodulatory, antioxidant, insulin-sensitizing and anti-apoptotic activities. Thus, according to the literature, many compounds of plant origin have a pronounced hepatoprotective and anti-fibrotic effect. The advantage of phytopreparations in the treatment of various diseases is their low toxicity and the possibility of long-term use without the development of side effects and addiction. Along with this, the use of herbal remedies remains relevant for practical medicine, since their cost is much lower than the cost of synthetic, especially imported, medicinal products.

Excessive chronic ethanol consumption causes alcoholic liver damage, which is one of the most important causes of death in various parts of the world. Long-term use of alcoholic beverages causes liver steatosis, progressing to alcoholic steatohepatitis (ASH,, fibrosis and cirrhosis of the liver. The transition from steatosis to ASH is stimulated by various exogenous and endogenous factors that induce oxidative stress, increase the toxicity of ethanol, and activate the production of proinflammatory cytokines such as TNFα and IL-6 [12]. Activated by oxidative stress that develops during ethanol consumption, these cytokines mediate inflammation and apoptosis in the liver, which, in turn, promotes the transition from steatosis to steatohepatitis. The key role of oxidative stress in the pathogenesis of ASH indicates the need for antioxidant therapy in the correction of this pathology. Various antioxidants can effectively mitigate the course of ASH in patients and experimental animals due to their ability to suppress oxidative stress in the liver [13].

Betulin is a triterpene found in a number of plants. In extracts from birch bark, the betulin content varies from 54% to 82% dry weight [14]. Betulin is capable of trapping free oxygen radicals [15], which explains the antioxidant properties of this compound. It is with the antioxidant and anti-inflammatory properties of betulin that its various pharmacological effects, including hepatoprotective properties, are associated. Betulin protects the liver during intoxication with acetaminophen [16], in animals with acute [17] and subacute [18] alcohol intoxication. In our laboratory, the hepatoprotective effect of betulin was recently demonstrated in progressive alcoholic steatohepatitis in rats [19].
However, an obstacle to the use of betulin is its low water solubility and, as a result, betulin is poorly absorbed in the intestine, which limits its bioavailability and the development of this promising hepatoprotective agent for possible clinical use [15]. Poor water solubility of substances is a significant problem in pharmaceuticals and there are various approaches to eliminate it, one of them is complexation with cyclodextrins. It is known that the complexation of betulin with cyclodextrins increases its solubility and the complex demonstrates more pronounced antineoplastic and antiangiogenic properties in the model of melanoma in mice compared to the monopreparation of betulin [14]. Among the derivatives of cyclodextrins, 2-hydroxypropyl-β-cyclodextrin (HPβCD) has high solubilizing capabilities and low toxicity [20]. Moreover, HPβCD is well tolerated by experimental animals and humans, having been approved for use in the medical and food industries in the United States and most of Europe.

The implementation of the project can have a great environmental and economic effect, as it will allow:

- to develop new approaches to the treatment of organ pathology using domestic plant material,

- investigate the mechanisms of hepatoprotective action of new nanocomplexes of individual plant substances based on cyclodextrins,

- will contribute to the development of competitive nanopreparations for the treatment of liver pathology using substances from constantly renewable natural resources,

- will allow to meet the needs of the domestic market and expand the export potential of the pharmaceutical industry of the Republic of Kazakhstan.

The use of local herbal raw materials to create complex highly effective preparations will allow:

- to reduce the cost of manufactured products while improving their consumer properties,

- to reduce the dependence of the work of organizations in the pharmaceutical, food and other sectors of the national economy that use vegetable raw materials on imports;

-increase the production potential of these industries and ensure the positive dynamics of their development;

- to reduce the import of medicines, substances for their manufacture

- to expand the export potential of the national economic complex, which will help to increase competitiveness and expand the sales market.

The social effect of the project will manifest itself in strengthening the health of the population by improving the provision of pharmaceuticals and methods of their delivery to a sick body.

The implementation of research work is based on both classical and modern methods of bioorganic chemistry, consisting in the isolation and purification of individual plant substances by extracting promising plant objects. The structure of the isolated substances and the compositions of the components were established using classical and modern physicochemical methods (HPLC, IR, UV spectroscopy).

1 Collection and purchase of raw materials, development of cooking technology. Isolation and purification of individual biologically active substances of Kazakhstan and Belarus. Development of methods for complexing vegetable substances, means with cyclodextrins. Estimation of complexing by physico-chemical methods. Screening studies of substances on the models of steatosis, steatohepatitis
Key research findings:

The collection and purchase of plant materials in East Kazakhstan for the production of substances was carried out. According to the project, a literary and patent search was carried out for the studied plant raw materials - for various plant species of the genus Calligonum (zhuzgun), Chamanerion latifolium (L.) Th.Fr.et Lange, as a result of which the presence of biologically active substances in them was found, areas applications in traditional medicine. The presence of various types of pharmacological activity was revealed, the places of growth and distribution of plants were determined, information on the botanical description was collected. According to the data of the patent and literature search, it was found that the selected objects - Calligonum aphyllum (Pall.) Guerke., Chamanerion latifolium (L.) Th.Fr.et Lange for chemical composition have not been practically investigated.

 Herbal raw materials were tested for their quality according to the methods given in the National Pharmacopoeia of the Republic of Kazakhstan. The indicators of the good quality of raw materials were determined before starting to determine the optimal extraction conditions for a given type of plant raw material.

Using the technology we have developed for obtaining the substance, we have developed a biologically active substance from the fruits and stems of the zhuzgun plant for analysis for the main groups of biologically active substances. Substances are isolated and purified in an individual state.

A patent and literature search was carried out on the methods of complexing plant substances with cyclodextrins. Based on the search results, a selection of integration methods was carried out. Experiments were carried out to develop methods for the complexation of plant substances, means with cyclodextrins. For comparison, spectra of pure cyclodextrin and substance were recorded. Based on the data obtained, the absorption peaks and their extinction coefficients were calculated.
The complexation of the substance of the zhuzgun stem with both types of cyclodextrin derivatives can be considered unsatisfactory, since the effect of cyclodextrins on solubility was insignificant. Therefore, it is necessary in the substance to separate tannins and flavonoids from each other and use it for complexation and further research.

Complexation of sesamin with 2-hydroxpropyl-β-cyclodextrin was carried out, while the solubility of sesamin increased 10 times. The affinity constant was 982.35 M-1, which indicates the formation of a stable complex. Biochemical studies of blood serum and liver indicated the hepatoprotective effect of the combination of sesamin with HPβCD, which was somewhat more pronounced compared to the monopreparation of sesamin. Only the complex inhibits the activity of marker serum enzymes, ALT and AST, reflecting the processes of cytolysis in the liver and more pronounced than sesamin itself, reduces the content of triglycerides in blood serum. At the same time, both drugs reduced the serum alkaline phosphatase activity and the liver triglyceride content to the same extent. It should be noted that there is no effect of both sesamin and its nanocomplex on the level of the main proinflammatory cytokine, tumor necrosis factor alpha, in blood serum, which indirectly indicates the absence of the anti-inflammatory effect of the tested drugs. The preliminary data obtained indicate the advantages of the hepatoprotective effect of the nanocomplex in comparison with the monopreparation of sesamin, which is due to an increase in the water solubility of the substance and an increase in its bioavailability.

The scientific significance of the research carried out lies in the purification of the substances of zhuzgun and sesamin from plants, the development of methods for the integration of individual substances with cyclodextrins

For the first time as a result of the work done:

• from the plants Calligonum aphyllum (Pall.) Guerke, Chamanerion latifolium (L.) Th.Fr.et Lange, substances were obtained from fruits and stems according to the technology developed by us, taking into account the parameters: type of extractant, degree of grinding of plant raw materials, duration of extraction time, , the ratio of raw materials and extractant.

The practical significance of the research results: lies in the possibility of creating effective drugs with hepatoprotective activity based on the sesamin: HPβCD complex, their use in pharmacy and medicine.
2 Study of the efficiency of the studied nanocomplexes on the model of alcoholic steatohepatitis. Study of the efficiency of the studied nanocomplexes on the model of non-alcoholic steathepatitis
Key research findings:

Experiments were carried out to develop methods for the complexation of plant substances with cyclodextrins. For comparison, spectra of pure cyclodextrin and substance were recorded. Based on the data obtained, the absorption peaks and their extinction coefficients were calculated.

The modeling of alcoholic steatohepatitis was carried out on white rats kept on an alcohol-containing diet according to Lieber-DeCarly for 2 months. Modeling non-alcoholic steatohepatitis as a component of the metabolic syndrome was used by feeding a high-fat diet for 2-3 months. The dynamics of blood glucose, the content of insulin and proinsulin in the blood serum, the level of glycosidated hemoglobin were assessed, and a test for glucose tolerance was performed and the HOMA-IR index was calculated. A histological and histochemical study of the liver was carried out, and a quantitative morphometric assessment of lipid accumulation and lymphocytic infiltration in the liver was given. The activity of marker enzymes, the content of anti-inflammatory and anti-fibrogenic cytokines and blood serum triglycerides were determined in animals. The results of this study demonstrate that the betulin: HPβCD complex was successfully prepared by the kneading method.

Fourier transform infrared (FTIR) and DSC results provided important evidence for the formation of the betulin: HPβCD inclusion complex. Dissolution in vitro showed that the dissolution efficiency of the betulin: HPβCD inclusion complex was significantly higher than that of the betulin substance. It was found that consumption of HFD for 10 weeks in rats caused the development of  NASH, which was characterized by steatosis and inflammatory signs in the liver. The betulin: HPβCD complex at a dose corresponding to 50 mg / kg of betulin showed pronounced lipid-lowering and anti-inflammatory effects. The administration of the complex reduced the accumulation of lipids in the liver, normalized the activity of the enzyme in the serum-marker, and also reduced the number of foci of inflammation in the liver and the serum content of the main pro-inflammatory cytokine TNFα. These complex effects were significantly higher than that of free betulin at the same dose. The complexation of betulin with HPβCD markedly increased free radical scavenging and antioxidant properties of triterpene, which in turn reduced the production of TNFα-mediated liver inflammation. This mechanism explains the increased anti-inflammatory properties of the betulin: HPβCD complex in comparison with the betulin substance. The therapeutic effect of the betulin: HPβCD complex at a dose of 50 mg / kg would be significantly higher than the effect of a higher dose of betulin substance (100 mg / kg).

The scientific significance of the research results lies in the purification of the betulin substance, the development of methods for the complexation of an individual substance with cyclodextrins.

For the first time as a result of the work done:

• the plant substance of betulin from birch bark was isolated and purified to 98.9%, identification of the substance was carried out by physicochemical methods (Fourier-IR and NMR spectroscopy).

• a supramolecular complex of betulin with 2-hydroxypropyl-β-cyclodextrin was created, which increases the solubility of betulin in an aqueous medium more than threefold. The complexation was assessed by physicochemical methods (FTIR spectroscopy, differential scanning calorimetry).

The practical significance of the research results lies in the possibility of creating effective medicines based on the substances of promising plant species, their use in pharmacy and medicine.

3 Analysis of the obtained results. preparation of patent documentation. selection of the most effective nanocomplexes for pre-clinical tests
3.1 Analysis of the results 
As a result of the analysis of the data obtained, it was shown that the supramolecular complex of betulin with 2-hydroxypropyl-β-cyclodextrin increases the solubility of betulin in an aqueous medium more than threefold. A comparative assessment of the hepatoprotective activity of betulin (50 mg / kg b.m.) and a complex of betulin with 2-hydroxypropyl-β-cyclodextrin containing betulin in the same dose on a model of alcoholic steatohepatitis in rats showed that the hepatoprotective effect of the complex (influence on the accumulation lipids and the inflammatory process in the liver) was significantly higher compared to the monopreparation of betulin. This complex has been selected for preclinical testing.

In the study of the ethyl acetate fraction of zhuzgun in an in vitro system, statistically significant effects of enhancing the phagocytic activity of blood neutrophils were obtained. Distinctive is that the ethyl acetate fraction had the most pronounced effect of stimulating phagocytic activity in conditions of immunodeficiency of phagocytosis processes, which certainly indicates immunomodulatory and immunostimulating effects. For immunological studies, heparinized venous blood of animals was used in the blood, where the phagocytic and metabolic activity of neutrophils was assessed. Zhuzgun is of interest in medicine for the prevention and treatment of secondary immunodeficiency states.

According to the results of the study of the ethyl acetate and water fractions of the zhuzgun, a pronounced antioxidant activity was revealed, which reduces the concentration of oxidants. To determine the antioxidant activity, oxidative stress was modeled in vitro in suspensions of mitochondria and erythrocytes by the addition of tert-butyl hydroxyperoxide. The concentration of the formed stable products of peroxidation of membrane lipids reacting with thiobarbituric acid, the intracellular concentration of reduced glutathione was determined using the spectrophotometric method. 

3.1.1 Antioxidant properties of the ethyl acetate fraction in modeling oxidative damage to erythrocytes and liver mitochondria in vitro
Study of the ethyl acetate fraction of the zhuzgun for the parameters of the in vitro immunity system. For immunological studies in the blood, we used heparinized venous blood of animals, where the phagocytic and metabolic activity of neutrophils was assessed [21, 22, 23]. To assess the metabolic activity of neutrophils, a histochemical test for the reduction of nitroblue tetrazolium by phagocytes and its conversion into formazan was used [23]. To set up the method, we used a 0.1% solution of nitro blue tetrazolium, incubated with blood in equal proportions for 30 min at 37 ° C. Immunological plates were centrifuged for 3 min at 1000 rpm. The supernatant was removed, the precipitate was resuspended and applied to a glass slide. Smears were made, followed by fixation with alcohol, Romanovsky staining. Microscopically, under immersion magnification, the percentage of formazan-positive neutrophils containing blue-violet formazan granules was calculated [22, 23].
A 10% polystyrene suspension of latex particles 1.5 μm in size (Sigma) was used as an object of phagocytosis. Blood and 10% latex particles were added to round-bottom immunological plates in a ratio of 3: 1. The mixture was incubated for 1 hour at 37 ° C. It was centrifuged for 3 min at 1000 rpm. The precipitate was applied to a glass slide, fixed with alcohol, and stained according to Romanovsky. The quantitative registration of the reaction was carried out microscopically under immersion magnification. Phagocytic activity was assessed by the phagocytic index - the number of neutrophils involved in phagocytosis (PI) [22, 23].

The study of drugs in the in vitro system for the phagocytic and metabolic activity of blood neutrophils was carried out according to the method of Novikov D.K (assessment of the immune status).

The total activity of the blood serum complement system was determined by the degree of hemolysis of sensitized sheep erythrocytes and was expressed in hemolytic units (CH50) [22]. For statistical processing of the research results, Student's t test was used. Differences were considered statistically significant at p <0.05. Indicators of hemolytic activity of the complement system under an in vitro load of the ethyl acetate fraction of the zhuzgun 0.1 mg / ml (M ± m) are presented in Table 1 as M ± m, where M is the mean value, m is the standard error of the mean.

Table 1 - Indicators of hemolytic activity of the ethyl acetate fraction of the zhuzgun  
	
	СН50 control
	СН50 EА zhuzgun 0.1mg / ml.

	N = 9
	42.68±3.80
	64.94±3.04 а

	а compared to control CH50


When assessing the functional activity of the complement system in the presence of Zhuzgun EA at a concentration of 0.1 mg / ml in vitro, statistically significant enhancement effects were obtained. The hemolytic activity of complement increased by 1.5 times, as evidenced by the CH50 indicators, which is favorable in the case of initially reduced functioning of the complement system, also probably in immunodeficiency states, as a secondary condition in various infectious and autoimmune diseases. The EA fraction of zhuzgun can be used to stimulate and restore the functional activity of the complement system [22].

Consequently, the ethyl acetate fraction of zhuzgun at a concentration of 0.1 mg / ml had a stimulating effect on the factors of humoral immunity in vitro, activating the hemolytic activity of the complement system. The parameters of the phagocytic activity of neutrophils in the in vitro stress tests of the zhuzgun are 0.1-0.01 mg / ml (at the initially reduced values) in Table 2.

Table 2 - Indicators of phagocytic activity of zhuzgun neutrophils

	PI, % control
	PI, % zhuzgun 0.1mg/ml
	PI,% EA zhuzgun 0.1mg/ml

	31.88±4.85
	64.33±6.88 а
	56.50±8.3 а

	а compared to PI control


Zhuzgun in in vitro stress tests of 0.1 mg / ml, restores the initially reduced phagocytic index to the level of normal values ​​(60-80%), statistically significant, while the phagocytic activity of neutrophils doubled. A dose of 0.01 mg / ml of the ethyl acetate fraction of the zhuzgun optimized the phagocytic activity of neutrophils, the number of cells involved in phagocytosis increased statistically significantly, and the values ​​approached the norm.

Zhuzgun has immunostimulating activity of phagocytic processes, increasing the number of cells involved in phagocytosis and, therefore, restoring the phagocytic activity of neutrophils to the normal level.

Since the indicators of the effectiveness of immunotherapy include the disappearance or decrease of immunological deficiency, then in the case of initially reduced indicators of phagocytic activity of neutrophils. the ethyl acetate fraction of zhuzgun had the ability to restore the receptor apparatus of cells, activate the processes of recognition and response to antigens, which can form a high nonspecific resistance of the organism [24]. Indicators of phagocytic activity of neutrophils in stress tests in vitro, zhuzgun 0.1-0.01 mg/ml ethyl acetate fraction (in control animals, the initial indicators of the phagocytic index are within normal limits) in Table 3.

Table 3 - Indicators of phagocytic activity of neutrophils

	PI, % control
	PI, % zhuzgun 0.1mg/ml
	PI,% EA zhuzgun 0.1mg/ml

	68.18±1.99
	83.73±2.9а
	81.75±2.8 а

	а compared to PI control


It is known that the indicators of the effectiveness of immunotherapy include the disappearance or reduction of immunological deficiency, first of all, the restoration of the receptor apparatus of cells, the restoration of the ability of cells to respond to antigens and form cellular immunity [24]. When introduced in vitro into the incubation medium, the receptor mechanisms of neutrophils, the ability of cells to respond to antigens and increase phagocytic activity, were activated, which will certainly allow achieving the greatest clinical effect. Indices of phagocytic activity of neutrophils in in vitro stress tests, complex (zhuzgun EA + HPβCD (0.2 - 0.02 mg / ml) (PI control - initial phagocytic index indices within normal limits) in Table 4.
Table 4 - Indicators of phagocytic activity of neutrophils

	PI, % control


	PI,% EA zhuzgun 0.1mg/ml
	PI,% EA complex 0.2 mg / ml.
	PI,% EA complex 0.02 mg / ml.

	68.18±1.99
	83.73±2.9а
	79.17±1.6 а
	86.57±3.48 а

	а compared to PI control


The ethyl acetate complex was studied in in vitro stress tests (zhuzgun EA + HPβCD 0.2 mg/ml, in a 1: 1 ratio, statistically significantly stimulated the phagocytic activity of neutrophils, but did not increase the functional activity of neutrophils in comparison with the ethyl acetate fraction of zhuzgun.

A dose of 0.02 mg / ml had a stimulating effect on the phagocytic activity of blood neutrophils in comparison with the control; there was also a statistically significant tendency to an increase in the phagocytic activity of neutrophils in comparison with the EA fraction of zhuzgun 0.1 mg / ml.

Oxidative stress in the suspension of erythrocytes and isolated mitochondria was modeled by the addition of tert-butyl hydroxyperoxide.

The end products of lipid peroxidation in liver tissue were measured as substances reactive with thiobarbituric acid (TBARS) [25] and expressed in mmol / ml of packed cells in erythrocyte suspension, in mol / mg liver tissue in mitochondrial suspension. The level of glutathione (GSH) was estimated by the method of Ellman [26] and was expressed in μmol / mg tissue in the liver, μmol / ml of packed cells in erythrocytes. The significance of differences was assessed using the Student's t-test.

It was shown that with an increase in the concentration of the ethyl acetate fraction (from 0.02 to 0.4 mg), the accumulation of products of TBA-reactive compounds in a suspension of erythrocytes and liver mitochondria decreases under oxidative stress. The concentration inside erythrocyte glutathione is slightly higher compared to the oxidizing agent.

The combined preparation of zhuzgun ethyl acetate fraction 0.02 mg / ml had a stimulating activity of phagocytic processes, which can improve bioavailability and form a high nonspecific resistance. 
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Figure 1 - Parameters characterizing oxidative stress

A. Concentration of reduced glutathione in erythrocytes

C. Substances reactive to thiobarbituric acid in erythrocytes

C. Concentration of reduced oglutathione in liver tissue

D. Thiobarbituric acid reactive substances in liver tissue

3.2 Preparation of patent documents
To prepare patent documentation, a patent search was carried out on plant objects, on technologies for the preparation of substances, on biological activity.

The patent search was carried out in order to determine the achieved technical level in the Republic of Kazakhstan and leading foreign countries, to identify protective documents that impede the production and implementation of the development object. The formation of groups of patents-analogues was carried out for further assessment of the biological activity of the studied agent. Patent search (with a search depth of 10 years) in order to check the developed product for patent purity was carried out in the following countries: RF, USA, France, Japan, Germany, Great Britain, Kazakhstan. The following sources were used in the patent search process:

· Russian DB: 1) Federal Institute of Industrial Property (FIPS), http://fips.ru;

· Eurasian DB: 1) http://www.eapatis.com

· Kazakhstan database: 1) National Institute of Intellectual Property.

· http://www.kazpatent.kz/

· Foreign DB: 1) European Patent Organization (EPO), tp: //preview.espacenet.com, http://www.espacenet.com.

Based on the results of the patent search, the data obtained were analyzed and the following documents were drawn up: for filing an application for a patent; description of the invention; a claim that defines the object of the invention and expresses its essence with a description of the physicochemical and other characteristics, methods of obtaining substances.

The following inventions with antioxidant activity were selected as analogs and prototypes.

Known plant material, rich in a highly active antioxidant, obtained from ripe fruits of Euscaphis japonica .. According to the results of assessing the activity of 1,1-diphenyl-2-picrylhydrazine (DPPH), hydroxyl radical (OH) and superoxide radical (O2-), the antioxidant activity of the product is close or higher than ascorbic acid, and rich resources, easy extraction, low cost and promising development prospects. [27]. Disadvantage: low product yield.

Known extract of the plant corilus with antioxidant activity and a method of obtaining it. The extract of the Corylus plant with antioxidant activity makes up 30-55 wt% of the total amount of flavonoids. The invention also relates to a method for producing an extract of a corilus plant with antioxidant activity, and the method basically includes the steps of extraction using an aqueous alcohol solution and purification using a macroporous resin. The extract extracted using the method of the present invention has a very high antioxidant content and a very high antioxidant activity. [28]. The disadvantage of this tool is that corilus is a cultivated plant, its cultivation is preferably in a zone with a temperate climate.

A known method of extracting plant polyphenol with antioxidant activity from wild pepper leaves [29]. The disadvantage of this invention is that methane is used as an extractant, which is a toxic reagent.

Known drug from a dry extract of plant materials. The plant raw material for extraction contains the herb of three-petal begart; marsh creeper grass; calendula flowers; horse rhizome; shoots of shrub Potentilla; St. John's wort herb; blueberry shoots [30]. The disadvantage of this invention: a complex composition of herbs.

A known method of obtaining a water-soluble lyophilisate, including obtaining a combined solution of an active substance and a compound containing hydroxyl and amino groups (amino alcohol), characterized in that the active substance is 4- ((3-oxo-3-ethoxypropanoyl) amino) benzoic acid (EPABA), which has anti-ischemic and antioxidant activity. The invention makes it possible to obtain water-soluble stable neutral EPABA lyophilizates that meet the technological requirements of preparations for parenteral administration [31]. Disadvantage: complicated preparation process.

Required documents for the application:

· application for the grant of a patent of the Republic of Kazakhstan for an invention in the form in triplicate;

· a description of the invention, disclosing it with completeness sufficient for expert examination in the relevant field of knowledge in two copies;

· the formula of the invention that defines the object of the invention and expresses its essence. The formula must be clear, accurate and based on the description in duplicate;

· drawings and other materials, if they are necessary for understanding the essence of the invention in duplicate;

· an abstract in duplicate.

Patent documentation for filing an application has been prepared. The invention relates to the field of pharmacy and chemistry of biologically active substances, for methods of isolating biologically active substances from plant materials that have an antioxidant effect. The objective of the invention is to obtain an extract from plant materials - the aerial part of the leafless red beetle (Calligonum aphyllum (Pall.) Guerke), which will provide an increase in the degree of extraction of biologically active substances and its biological activity. The technical result of the invention is the simplicity of the method for obtaining the extract, increasing the degree of extraction of biologically active substances and the biological activity of the extract.

An application for a patent "Means with antioxidant activity based on a plant substance" was filed and registered by a team of authors: Rakhmadieva S., Ashirbekova A., Imekova G., Kirko S., Moroz V., Kuzmitskaya I., Bakunovich A., Buko V. (application No. 63429, reg. No. 2020 / 0350.1 from 28.05.2020).

At this time, the application for an invention is at the stage of substantive examination.
3.3 Selection of the most effective nanocomplexes for preclinical trials
3.3.1 Physical and chemical characteristics of the HPβCD complex: betulin 
The complex substance was prepared by mixing betulin and HPβCD in a molar ratio of 1:1 by rubbing them for a long time, with the addition of 50% ethanol and until it was completely evaporated. The mixture was dried at room temperature and then placed in an oven at 600 ° C for several hours. The dried product was a fine powder that was sieved on an 80 mesh screen.

Study of phase solubility. The solubility studies of the betulin:HPβCD complex formation were performed by adding the same amount of solid betulin to 10 ml of aqueous solutions of HPβCD of varying concentrations (from 1 to 15 mM). The samples were mixed at 25oC in the dark for 48 hours under constant gentle stirring in order to achieve a solubility equilibrium. The solutions were then filtered, and after dilution the absorption spectra of betulin were registered (Cary-50 spectrophotometer, Australia). The concentrations of the drug in the solutions in the presence of HPβCD were calculated with a previously established coefficient of molar extinction using a calibration curve.

Figure 2 shows a diagram of the phase solubility of betulin in the presence of increasing concentrations of HPβCD. The solubility of betulin increased linearly, with a slope coefficient of 0.0012, relative to the HPβCD concentration. In the presence of HPβCD, the solubility of betulin increased significantly (3.1 times at 15 mm HPβCD).

Quantitative analysis of the diagram allows you to deduce the Association constant from formula (1),
K1:1 = Slope/S0 (1 – Slope),            (1)
Where S0 – solubility in the absence of HPβCD,

K1:1 – Association constant: K 1:1= tilt angle/S0 (1 - tilt angle).

According to this, the Association constant for betulin is 133 ± 16 M-1
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Figure 2 – Diagram of the phase solubility of betulin in the presence of increasing concentrations of HPβCD
Physical and chemical characteristics of the inclusion complex. The formation of the supramolecular complex was confirmed using Fourier-IR spectroscopy (ATR-FTIR) and differential scanning calorimetry (DSC). ATR-FTIR data were recorded on the ATRNicolet 6700 FTIR (Thermoscientific Model, USA). ATR-FTIR spectra of betulin, HPβCD, and betulin complex:HPβCD were recorded in the range 600 - 4000 cm-1.

DSC thermograms of betulin, HPβCD, and the betulin: HPβCD complex were recorded using a DSC calorimeter, Starre System (Mettler Toledo Instrument, Switzerland-USA). The samples were placed in aluminum cuvettes and scanned in a nitrogen current at a heating rate of 10ºC min-1 in the temperature range from 30 to 300ºC.

Fourier-IR spectroscopic study. ATR-FTIR spectra of betulin, HPβCD, and the betulin complex: HPβCD are shown in figure 3 (A, B, C). As can be seen from the above figure, the ATR-FTIR spectrum of the inclusion complex shows the most characteristic features of HPβCD and, to Some extent, there is an additional contribution of the included compound.
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Figure 3 – Fourier-IR spectroscopy spectra A – betulin; B – HPβCD; C – betulin / HPβCD complex

The Fourier-IR spectrum of HPβCD (Fig. 3B) shows the main features of the characteristic HPβCD bands. The bands are localized at wavelengths 3352, 2920, 1452, 1366, 1340, 1252, 1123, 1080, 1019, 947, and 849 cm-1 .
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Figure 4 – differential scanning calorimetry (DSC) thermograms

A – betulin; B – HPβCD; C – betulin / HPβCD complex

Comparing the ATR-FTIR spectra shown in figure 4, it can be seen that the spectrum of the 1:1 inclusion complex sufficiently resembles the sum of the individual spectra of the guest and host molecules. Moreover, it is possible to notice the absence of ATR-FTIR bands of the betulin molecule in the range from 1029 to 1218 cm-1 and a reduced peak intensity at 1738 cm-1. At a wavelength of 1218 cm-1 , the band located in the ATR-FTIR spectrum of betulin disappears in the spectrum of the inclusion complex, and the HPβCD spectrum does not show significant bands in this region. These results suggest a possible interaction between the CH and OH shift vibrations in the C28 position of betulin and the CH and OH shift vibrations of HPβCD. the ATR-FTIR spectrum of betulin shows a band at 1452 cm-1 due to the CH3 and CH2 shift vibrations, while the spectrum of the inclusion complex is represented by a band at 1454 cm-1 , and the HPβCD spectrum shows a band at 1458 cm-1 . Since the peak position was shifted towards higher wavenumber values up to approximately 6 cm-1 during the transition from the ATR-FTIR spectrum of betulin to the spectrum of the betulin inclusion complex:Although the group profile was changed to look more similar to the HPβCD profile, it can be concluded that betulin and HPβCD interacted in a guest-host fashion.

Differential scanning calorimetry. Thermograms describing betulin, HPβCD, and the betulin: HPβCD complex by differential scanning calorimetry are shown in figure 4 (A, B, C). The betulin DSC curve (Fig. 4A) showed a characteristic sharp endothermic peak at 250°C. On the thermogram of the betulin: HPβCD complex (Fig. 4C), the intensity of the endothermic peak at 250°C decreases sharply, while the DSC spectrum of the complex approaches the HPβCD profile (Fig. 4B), which indicates the absence of crystalline betulin in the complex and its complete complexation with HPβCD.

Thus, complexation with HPβCD increases the antioxidant potential of betulin and its ability to capture free oxygen radicals.

Evaluation of the effect of betulin complex with 2-hydroxypropyl-β-cyclodextrin on alcoholic liver damage. Excessive chronic consumption of ethanol causes alcoholic liver damage, which is one of the most important causes of death in various parts of the world. Long-term use of alcoholic beverages causes liver steatosis, which progresses to alcoholic steatohepatitis (ASН), fibrosis and cirrhosis of the liver. The progression of steatosis is caused by various exogenous and endogenous factors, primarily signaling systems associated with proinflammatory cytokines [12], the activation of which is the result of oxidative stress that develops as a result of ethanol oxidation by the microsomal cytochrome P-450 system in the liver. In this regard, antioxidant therapy is an essential component in the prevention and treatment of alcoholic liver damage [13].

According to the literature, betulin, which has a fairly high antioxidant potential, protects the liver in acute alcohol intoxication [32] and in the early stages of alcoholic steatosis [33]. Taking this into account, we recently evaluated the prospects of using betulin at the stage of progression of alcoholic liver damage, in ASH [19]. In this work, a pronounced hepatoprotective effect of betulin was demonstrated due to its effect on mitochondrial functions damaged by prolonged alcohol consumption. In this paper, we tried to increase the hepatoprotective effect of betulin by improving its solubility and, consequently, bioavailability by complexing the substance with HPβCD.

Research methods. The experiment used white male rats weighing 200-230 g. animals of 4 groups received ethanol (4 g/kg) daily for 8 weeks through a gastric tube. Three groups of rats treated with ethanol were administered intragastrically throughout the experiment with betulin (50 and 100 mg/kg) and a betulin and HPβCD complex corresponding to a betulin dose of 50 mg/kg.

Histological sections of the liver were stained with hematoxylin and eosin, and cryostatic sections were stained with black Sudan. Computer morphometry of sudanophilic regions was performed using the ImageJ package (USA). Inflammatory foci containing three or more cells were counted in 10 visual fields using an Olympus CX-41 microscope (Japan).

The activity of serum marker enzymes, AST, ALT, and alkaline phosphatase, was measured using commercial kits (Lachema, Czech Republic), and the content of serum and liver triglycerides was measured using assay Kits (Belarus). NADPH-dependent chemiluminescence in the liver was measured using lucigenin, which is specific for determining the supreoxidanion [34]. The final products of lipid peroxidation were measured as substances reacting with thiobarbituric acid (TBARS) [35]. Serum cytokines, tumor necrosis factor alpha (TNFa), and transforming growth factor beta (TGFß) were evaluated by ELISA using appropriate kits.

The data is presented as average ± standard error (M ± SEM). The results were analyzed statistically using the ANOVA method, using post hoc analysis with the Tukey test. The confidence level was considered at p<0,05.

Results of histological and biochemical studies. Histological examination of the liver showed that animals treated with ethanol for a long time had macro - and microvesicular steatosis, multifocal lymphocytic infiltration, and scattered parenchymal cells with balloon degeneration. The relative area of sudanophilic coloration in these animals increased by more than 4 times compared to the control, and the number of inflammatory foci exceeded 10 in the field of vision (figure 5). The introduction of betulin (50 mg/kg) somewhat weakened the signs of steatohepatitis, reducing the size of fat drops and significantly reducing the number of inflammatory foci.
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Note:a - p<0.05 compared to the control group; b– p<0.05 compared to the ASH group.

Figure 5 – Morphometric assessment of the liver. A - area of sudanophilic coloration on liver sections. B - the number of inflammatory foci containing three or more inflammatory cells. The assessment was performed in 10 fields of view.

Effect of the betulin complex:HPβCD on the development of steatohepatitis was more pronounced: under its influence, the area of sudanophilia significantly decreased, which indicates a decrease in the accumulation of neutral lipids in the liver parenchymal cells, but the number of inflammatory foci was approximately the same as with the introduction of betulin. The development of ASH in rats treated with alcohol is also confirmed by biochemical data. Serum marker enzymes, AST, ALT, and alkaline phosphatase are activated, and the content of triglycerides in the blood serum and liver sharply increases, confirming an increase in the accumulation of neutral lipids in the liver (table 5). Long-term consumption of ethanol significantly increases the levels of measured cytokines, TNFα (3.2 times) and TGFß (2.1 times) in the blood serum.

Betulin administration reduces the serum and liver triglycerides, as well as the level of serum TGFß in rats with alcohol intoxication (table 5). At the same time, judging by the biochemical parameters, the hepatoprotective effect of the betulin complex:HPβCD is more pronounced than the monopreparation of betulin. In addition to the changes observed with the introduction of one betulin, the complex reduced the activity of all three marker enzymes in serum, and its anti-inflammatory effect, observed when determining inflammatory foci in the liver, was confirmed by a decrease in TNFa, the main Pro-inflammatory cytokine in blood serum.

Long-term consumption of ethanol significantly increases the values of indicators that characterize oxidative stress. The chemiluminescence of mitochondria, enhanced by lucigenin, increases sharply in the group of alcoholized animals, indicating an increase in the production of superoxidanion by about 3.4 times (table 5). TBARS contents in liver tissue also significantly increased in this group compared with the control animals. As evidenced by the results of chemiluminescence with lucigenin, betulin more than 2 times reduces the production of superoxidanion, and the effect of the betulin complex:HPβCD was significantly more pronounced, since it reduced the degree of chemiluminescence almost to the control level.

Table 5 - Biochemical parameters characterizing the hepatoprotective and antioxidant effects of betulin and its complex with HPβCD in rats with ASH (M±m) 
	
	Control
	ASH
	ASH + Betulin, 50 mg/kg
	ASH + Complex

	Blood serum 

	Triglycerides, mol/l 
	2,06±0,095
	5,32±0,185а
	4,61±0,117 аb
	4,16±0,125аb

	Alkaline phosphatase, IU/l
	150±7,8
	378±38,1 а
	303±35,6 а
	231,8±28,78 аbc

	AST, IU/l
	67,3±3,99
	124,6±11,81 а
	102,0±7,94 а
	85,66±6,247b

	ALT, IU /l
	48,2±3,72
	114,8±11,89 а
	91,8±8,46 а
	78,22±7,756 аb

	TNFα, pg/ml
	62,3±4,88
	196,9±26,52а
	164,3±24,02а
	118,8±4,88аb

	TGFβ, pg/ml
	321,5±50,72
	664,3±98,51а
	437,5±79,96ab
	368,6±58,93b

	Liver

	Triglycerides, mg/g
	1,21±0,039
	3,45±0,283а

	2,85±0,218аb
	2,49±0,135 аb

	TBARSS, nmol/g
	65,9±5,18

	99,6±9,78a

	54,5±8,49b

	56,4±6,27b


	Mitochondria

	Chemiluminescence with lucigenin,

imp/min/mg x10-3
	18,9±2,0
	64,7±9,39

	30,17±4,07 аb

	22,2±2,84 b

	Notes: p<0.05:a – compared to the control group; b – compared to the ASH group; c – compared to the betulin group, 50 mg/kg.


3.3.2 Physical and chemical characteristics of the sesamine complex with 2-hydroxpropyl-β-cyclodextrin 

Sesamine affects lipid metabolism by activating beta-oxidation and inhibiting the synthesis of fatty acids [36], it has antioxidant, anti-inflammatory, and immunomodulatory properties [1]. However, sesamine is practically insoluble in water, which makes it difficult to absorb it in the gastrointestinal tract. We proposed the creation of a complex of sesamine with a cyclodextrin derivative, 2-hydroxpropyl-β-cyclodextrin (HPβCD) to increase its water solubility and, consequently, increase its bioavailability and pharmacological activity.

Preparation of a series of dilutions of sesamine and 2-hydroxypropyl-β-cyclodextrin in different concentrations, calculation of the optical density of 2-hydroxypropyl-β-cyclodextrin at the wavelength of the sesamine peak.

The study of the complexation of sesamin spectrometry. We prepared a series of dilutions of sesamine in excess with HPβCD in accordance with table 6. Sesamine is taken in excess (0.0022 g, that is, in a concentration of 3 mm).

Table 6 - Preparation of sesamine solution with HPβCD for complexation
	Ordinal number of the solution
	С (sesamine), mM 
	V (HPβCD), ml
	V (Н2О), ml

	1
	3
	0,08
	1,92

	2
	3
	0,04
	1,96

	3
	3
	0,02
	1,98

	4
	3
	0,01
	1,99

	5
	3
	0
	2


Then the optical density of solutions No. 1-10 was measured on a spectrophotometer (figure 6; table 7). The results of calculations are shown in table 8. 
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Figure 6 - Indicators of optical density of solutions 1-5
Table 7 - Values of the optical density of the HPβCD - sesamine solution at a wavelength of 286 nm
	N s-n
	s-n, N1,
	s-n, N2,
	s-n, N3,
	s-n, N4,
	s-n, N5

	D
	1,5412
	1,314
	0,88
	0,5488
	0,3319


Table 8 - Results of subtracting the optical density Of HPβCD from the optical density of the HPβCD– sesamine Solution
	
	s-n, N1,
	s-n, N2,
	s-n, N3,
	s-n, N4,
	s-n, N5

	D
	1,2818
	1,132
	0,7592
	0,4414
	0,2487


Table 9 - Calculation of substance concentrations by extinction coefficient
	HPβCD concentration, mM
	HPβCD concentration, M
	D
	Extinction coefficient (ε)
	Concentration

the sesamine

	7,625
	0,007625
	0,1294
	7801,6
	1,65863E-05

	3,813
	0,003813
	0,0796
	7801,6
	1,0203E-05

	1,906
	0,001906
	0,0402
	7801,6
	5,15279E-06

	0,95
	0,00095
	0,022
	7801,6
	2,81993E-06

	0
	0
	0,0157
	7801,6
	2,01241E-06


The concentration of sesamine is calculated by the formula (2):

c(sesamine) = D/ε                                       (2)
and a graph of the dependence of the sesamine concentration on the concentration of HPβCD is plotted (figure 7).
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Figure 7 - graph of the phase solubility of sesamine depending on the concentration of HPβCD
The results of graphical construction indicate that the solubility of sesamine increased by 10 times. The affinity constant was 982.35 M-1, which indicates the formation of a stable complex.

Effect of sesamine nanocomplex with HPβCD on the development of alcoholic steatohepatitis in rats. Alcoholic steatohepatitis (ASH) in male Wistar rats was caused by intragastric administration of a 30% ethanol solution at a dose of 4 g/kg of weight against the background of feeding the animals a high-fat diet (HFD; the content of the fat component was 32%). Males with an initial weight of 225-250 g were used in the experiment. The duration of the experiment was 7 weeks. With the start of the experiment on the background HFD and ethanol were administered the following substances: 1) sesamine preparation at a dose of 300 mg/kg of animal weight; 2) HPβCD nanocomplex with sesamine in the same dose. All substances were administered intragastrically. Control groups of animals received intragastric water instead of ethanol and injected substances.

After decapitation, blood was taken from the animals for immediate preparation of serum. The liver was partially used for histological analysis, and the remains were frozen in liquid nitrogen for subsequent biochemical studies.

Using commercial kits, the activity of marker enzymes – alanine and aspartate aminotransferases, alkaline phosphatase, and the content of Pro - inflammatory cytokines were determined in serum. In the liver and blood serum, the content of triglycerides was determined using the "Analysis-X" kits (Belarus). For histological examination, part of the liver samples were fixed in a 10% neutral formalin solution, while the other part was frozen in liquid nitrogen. Histological examination of the liver and histochemical assessment of lipid accumulation in the liver has not yet been completed.

Biochemical studies of blood serum and liver indicate a hepatoprotective effect of the combination of sesamine with HPβCD, which is slightly more pronounced compared to the monopreparation of sesamine (figure 8). Only the complex inhibits the activity of marker serum enzymes, ALT and AST, reflecting the processes of cytolysis in the liver and more pronounced than sesamine itself, reduces the content of serum triglycerides.

At the same time, both drugs equally reduced the activity of alkaline phosphatase in blood serum and the content of liver triglycerides. It should be noted that there is no effect of both sesamine and its nanocomplex on the level of the main Pro-inflammatory cytokine, tumor necrosis factor alpha, in the blood serum, which indirectly indicates the absence of an anti-inflammatory effect of the tested drugs.
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Notes: a – P<0.05 compared to control animals.

b – P<0.05 compared to the group with ASH (HFD+ethanol)

Figure 8 - Biochemical parameters of blood serum and liver in rats with ASH induced by the introduction of ethanol on the background of HFD feeding and receiving sesamine or sesamine nanocomplex with cyclodextrin derivative. The upper panel shows the activity of serum enzymes, ALT and AST. The middle panel shows the activity of alkaline phosphatase and the content of TNF-α in the blood serum. The lower panel shows the content of serum and liver triglycerides.
Thus, the preliminary data obtained indicate the advantages of the hepatoprotective action of nanocomplex a in comparison with the monopreparation of sesamine, which is due to an increase in the water solubility of the substance and an increase in its bioavailability.

3.4 Preparation of documentation for preclinical research 
The betulin complex was selected for preclinical research:HPβCD. Betulin complex:HPβCD at a dose corresponding to 50 mg/kg of betulin showed a pronounced lipid-lowering and anti-inflammatory effect, reduced lipid accumulation in the liver, normalized the activity of serum cytolytic enzymes (AST, ALT, alkaline phosphatase), and also reduced the number of inflammatory foci in the liver and the content of the main Pro-inflammatory cytokine, TNFa, in the blood serum. These effects of the complex were significantly higher compared to the monopreparation of betulin at the same dose.
Thus, the combination of betulin with HPβCD is a Promising strategy for increasing the water solubility and hepatoprotective properties of betulin and reducing its therapeutic dose. The hepatoprotective effect of the complex was significantly higher compared to the monopreparation of betulin in the same dose. Previously, we demonstrated the protective effect of betulin in alcoholic liver damage in rats, which is associated with the preventive dose-dependent effect of this substance on the structure and function of liver mitochondria and, first of all, on the inhibition of the generation of free oxygen radicals by mitochondria. One of the factors contributing to the protection of the liver from alcohol damage by the betulin complex:HPβCD is a stronger inhibition of superoxide anion production by liver mitochondria compared with the same dose of single-agent preparation or betulin. As a result, the high pharmacological activity of the betulin complex:HPβCD is caused by an increase in the bioavailability of the complex due to an increase in the water solubility of betulin.

A complex of sesamine and hydroxypropyl-βcyclodextrin (HPβCD) was also selected for preclinical studies. The effect of the sesamine and hydroxypropyl-βcyclodextrin (HPβCD) complex on the development of liver damage in rats that consumed ethanol for a long time in a high-fat diet was evaluated. In experiments on 18 rats with alcoholic steatohepatitis, the hepatoprotective effect of the combination of sesamine with HPβCD was demonstrated, which is slightly more pronounced compared to the monopreparation of sesamine. The complex inhibited the activity of marker serum enzymes, ALT and AST, reflecting the processes of cytolysis in the liver and more pronounced than sesamine itself, reduces the content of serum triglycerides.

At the same time, both drugs equally reduced the activity of alkaline phosphatase C in the blood serum and the content of liver triglycerides. Sesamine and its nanocomplex did not affect the level of tumor necrosis factor alpha in the blood serum.
CONCLUSION

For the first time, plants of the genus Polygonaceae, Betulaceae and Onagraceae were selected as the object of research: Calligonum, Barbarea vulgaris R.BR, Circaea lutetiana L., Chamanerion latifolium (L. ) Th.Fr.et Lange, Betula pendula Roth.

The plant raw materials were tested for their quality according to the methods given in the State Pharmacopoeia of the Republic of Kazakhstan. The indicators of the good quality of raw materials were determined before starting to determine the optimal extraction conditions for a given type of plant raw material.

For the first time, from the plants Calligonum, Barbarea vulgaris, Circaea lutetiana, Chamanerion latifolium, Betula pendula, substances were obtained according to the technology we are developing, taking into account the parameters: type of extractant, degree of grinding of vegetable raw materials, duration of extraction time, ratio of raw materials and extraction

According to the technology developed by us for obtaining a substance, a biologically active substance was developed for analysis for the main groups of biologically active substances. Substances are isolated and purified in an individual state.

A patent and literature search was carried out on the methods of complexing plant substances with cyclodextrins. Based on the search results, a selection of integration methods was carried out, experiments were carried out to develop methods for the integration of plant substances with cyclodextrins. For comparison, spectra of pure cyclodextrin and substance were recorded. Based on the data obtained, the absorption peaks and their extinction coefficients were calculated.

Experiments were carried out to develop methods for the complexation of plant substances with cyclodextrins. For comparison, spectra of pure cyclodextrin and substances were recorded. Based on the data obtained, the absorption peaks and their extinction coefficients were calculated.

The modeling of alcoholic steatohepatitis was carried out on white rats kept on an alcohol-containing diet according to Lieber-DeCarly for 2 months. Modeling non-alcoholic steatohepatitis as a component of the metabolic syndrome was used by feeding a high-fat diet for 2-3 months. The dynamics of blood glucose, the content of insulin and proinsulin in the blood serum, the level of glycosidated hemoglobin were assessed, and a test for glucose tolerance was performed and the HOMA-IR index was calculated. A histological and histochemical study of the liver was carried out, and a quantitative morphometric assessment of lipid accumulation and lymphocytic infiltration in the liver was given. The activity of marker enzymes, the content of anti-inflammatory and anti-fibrogenic cytokines and blood serum triglycerides were determined in animals.
The complexation of the Zhuzgun extract with both types of cyclodextrin derivatives showed that the solubility of the substance is higher than the solubility of the resulting complexes with cyclodextrins, therefore, the effect of cyclodextrins on the solubility of the Zhuzgun substance was insignificant.

In the study of the zhuzgun substance in the in vitro system, statistically significant effects of increasing the phagocytic activity of blood neutrophils were obtained. Distinctive is that the substance had the most pronounced effect of stimulation of phagocytic activity in conditions of immunodeficiency of phagocytosis processes, which certainly indicates an immunomodulating / immunostimulating effect. Zhuzgong can be used in medicine for the prevention and treatment of secondary immunodeficiency conditions.
Complexation of sesamine with 2-hydroxpropyl-β-cyclodextrin was carried out, while the solubility of sesamine increased 10 times. The affinity constant was 982.35 M-1, which indicates the formation of a stable complex. Biochemical studies of blood serum and liver indicated the hepatoprotective effect of the combination of sesamine with HPβCD, which was somewhat more pronounced compared to the monopreparation of sesamine. The effect of a complex of sesamine and hydroxypropyl-β-cyclodextrin (HPβCD) on the development of liver damage in rats consuming ethanol for a long time under conditions of a high-fat diet was evaluated. In experiments on rats 18 with alcoholic steatohepatitis, the hepatoprotective effect of the combination of sesamine with HPβCD was demonstrated, somewhat more pronounced compared to the monopreparation of sesamine. The complex inhibited the activity of marker serum enzymes, ALT and AST, reflecting the processes of cytolysis in the liver and, more pronounced than sesamine itself, reduces the content of triglycerides in blood serum.

At the same time, both drugs to the same extent reduced the activity of alkaline phosphatase c in blood serum and the content of liver triglycerides. Sesamin and its nanocomplex did not affect the level of tumor necrosis factor alpha in blood serum.

The results of this study demonstrate that the betulin: HPβCD complex was successfully prepared by the kneading method. Fourier transform infrared (FTIR) spectroscopy and DSC results provided important evidence for the formation of a betulin: HPβCD inclusion complex. Dissolution in vitro showed that the dissolution efficiency of the betulin: HPβCD inclusion complex was significantly higher than that of the betulin substance. Found that consumption of HFD for 10 weeks in rats caused the development of NASH, which was characterized by steatosis and inflammatory signs in the liver. The complex betulin: HPβCD at a dose corresponding to 50 mg / kg betulin showed pronounced lipid-lowering and anti-inflammatory effects. The administration of the complex reduced the accumulation of lipids in the liver, normalized the activity of the enzyme in the serum-marker, and also reduced the number of foci of inflammation in the liver and the serum content of the main pro-inflammatory cytokine TNFα. These effects of the complex were significantly higher than those of the betulin substance at the same dose. The complexation of betulin with HPβCD markedly increased free radical scavenging and antioxidant properties of triterpene, which in turn reduced the production of TNFα-mediated liver inflammation. This mechanism explains the enhancement of the anti-inflammatory properties of the betulin: HPβCD complex compared to the substance betulin. The therapeutic effect of complex administration at 50 mg / kg equivalent of betulin significantly exceeded the effect of a higher dose of betulin alone (100 mg / kg). It was demonstrated that chronic alcohol intoxication causes the phenomena of alcoholic steatohepatitis in experimental rats, characterized by steatosis and inflammatory phenomena in the liver. The protective effect of betulin in alcoholic liver damage in rats has been demonstrated, which is associated with the preventive dose-dependent effect of this substance on the structure and function of liver mitochondria and, first of all, on the inhibition of the generation of free oxygen radicals by mitochondria. One of the factors contributing to the protection of the liver from alcoholic damage by the betulin: HPβCD complex is a stronger inhibition of superoxidanion production by liver mitochondria compared to the same dose of betulin monopreparation. As a result, the high pharmacological activity of the betulin: HPβCD complex is due to an increase in the bioavailability of the complex due to an increase in the water solubility of betulin.

Based on the work done, the following conclusions can be drawn

• the selection of methods of integration was carried out and experiments were carried out to develop methods for the integration of plant substances, means with cyclodextrins, where the spectra of pure cyclodextrin and the substance were recorded;

• methods of complexation of plant substances with cyclodextrins have been developed;

• for the first time the complexation of plant substances is shown: zhuzgun, betulin and sesamin;

• the modeling of alcoholic steatohepatitis was carried out on white rats on an alcohol-containing diet according to Lieber-DeCarly;

• histological and histochemical examination of the liver was carried out and a quantitative morphometric assessment of lipid accumulation and lymphocytic infiltration in the liver was given;

• biochemical studies of blood serum and liver indicated the hepatoprotective effect of the combination of sesamin with HPβCD, somewhat more pronounced compared with the monopreparation of sesamin;

• complex betulin: HPβCD at a dose corresponding to 50 mg / kg betulin, showed a pronounced lipid-lowering and anti-inflammatory effect;

• complexation of betulin with HPβCD increased the absorption of free radicals and the antioxidant properties of betulin, which, in turn, reduced the production of TNFα-mediated inflammatory process in the liver;

• sesamin and betulin reduced serum alkaline phosphatase c activity and liver triglycerides to the same extent;

• Zhuzgun's substance had the most pronounced effect of stimulating phagocytic activity in conditions of immunodeficiency of phagocytosis processes, which certainly indicates an immunomodulating / immunostimulating effect.

Assessment of the completeness of the solution of the tasks

The set tasks for the development of drugs for the correction of chronic diffuse liver diseases based on individual plant substances have been fully completed. The development of complexes of plant substances with cyclodextrin makes it possible to create, on their basis, original drugs for the treatment of chronic diffuse liver diseases.

Development of recommendation and baseline data for specific use of results

The results obtained in the course of the studies carried out expand the existing knowledge about nanocomplexes, as dosage forms of herbal substances, for direct delivery to the diseased organ and make it possible to create medicines for pharmacy and medicine on their basis.

Assessment of the scientific level of the work performed in comparison with the best achievements in this field

The scientific level of the results obtained is evidenced by a work published in the Journal of Molecular Liquids with a high impact factor (4.56). On the basis of the research, 1 patent application of the Republic of Kazakhstan was filed, 2 textbooks were published, 11 articles were published in journals recommended by the Oversight Committee of the Ministry of Education and Science of the Republic of Kazakhstan in the field of education, reports were made and abstracts and materials were published at 4 International scientific and practical conferences.

In general, the scientific and methodological level of the work performed corresponds to the work performed in this area.
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2 Abieva A.O., Rakhmadiyeva S.B. Amino acid carbohydrate composition of the plant Circaea lutetiana l. // Abstracts of the XI All-Russian Scientific Conference with international participation and the school of young scientists "Chemistry and technology of plant substances ", Syktyvkar, May 27–31, 2019, - P. 31-32. (in Russian)
3 Imekova G.M., Mukushev I.M., Rahmadiyeva S.B. Polyphenols Calligonum aphyllum (PALL.) Güerke (Poligonaceae Juss.) growing in Kazakhstan // Research Journal of Pharmaceutical, Biological and Chemical Sciences ( RJPBCS), May – June 2019 .- Vol. 10- № 3.- P.  259-269. (in English)
4 Ajtkazina R.R., Rahmadiyeva S.B. The mineral composition of the roots of Barbarea vulgaris R.Br. // PROCEEDING BOOK. 2nd International Eurasian Conference on Biological and Chemical Sciences (EurasianBioChem 2019), June 28-29, 2019 Ankara, Turkey,- P.677-680. (in English)

2020 year

Domestic
1 Kozhantayeva AG, Rakhmadiyeva SB Сircaea lutetiana l. plant polyphenols Research of compounds // KazNU Bulletin. Chemistry series. - 2020. - № 3. - B.-18- 27. (in Kazakh)
2 Imekova G.M. Ashirbekova A.K. Study of biologically active compounds plants Calligonum aphyllum (pall) Guerke // Tr. X Int. Beremzhanov Congress on chemistry and chemical technology – Almaty: KazNU, 2019.-P.127-128. (in Russian)
3 Kozhantaeva AG, Baigazieva AT, Rakhmadiyeva SB Chamerion latifolium (l.) study of biologically active substances // Tr. X Mezhdun. At the Beremzhanov Congress chemistry and chemical technology – Almaty: KazNU, 2019.-P.142-143. (in Kazakh)
4 Application №2020 / 0350.1 for Patent RK № 63429. Means with antioxidant activity based on plant substance / Rakhmadieva S.B., Buko V.U., Ashirbekova A.K., Imekova G.M., Kirko S.N. , Moroz V.L., Kuzmitskaya I.A., Bakunovich A.A. - Appl. from 28.05.2020 (in Russian)
Foreign
5 Rakhmadiyeva S., Buko V., Zavodnik I. et al. Betulin/2-hydroxypropyl-β-cyclodextrin inclusion complex: Physicochemical characterization and hepatoprotective activity //Journal of Molecular Liquids. - 2020.- Vol.309. Is. 113118. – P.1-10. (IF 5.065, Q1, 92% percentile) (in English)
6 Kukenova Zh.A., Rakhmadiyeva S.B. Mineral composition of Euphorbia virgata Waldst. & kit // Actual scientific research in the modern world - Pereyaslav, 2020. - Vol. 2 (58), Ch2- C.90-95. (in Russian)
7 Orazova N.K., Rahmadiyeva S.B., Ashirbekova A.K, Imekova G.M. Mineral composition of Calligonum aphyllum’s roots collected in Atyrau region, Kazakhstan // Sciences of Europe. - 2020.-Vol. 2,-No 50.-P.10-13. (in English)
8 Kazakpayeva A.E., Rakhmadiyeva S.B., Ashirbekova A.K., Imekova G.M. Study of mineral composition of Calligonum arborescens Litv. // Sat. Articles XXVII Int. scientific-practical Conf. "Advances in Science and Technology" M .: Research Center "Relevance of the Russian Federation", 2020.-P.23-27.  (in Russian)
9 Kozhantayeva A., Rakhmadiyeva S. Carbohydrate composition of Chamaenerion latifolium L. // Annali d’Italia. – 2020. - Vol.1. - №6. - P.6-10. (in English)
APPENDIX B

CALENDAR PLAN 2018-2020

Appendix 1.43

To the Contract №132 of 12.03.2018

For grant funding
TECHNICAL SPECIFICATION AND WORK SCHEDULE
Under contract № 132 of 12.03.2018

Republican state Enterprise on the right of economic management «Eurasian National University named after L.N. Gumilyov»  of the Ministry of education and science of the Republic of Kazakhstan.

1.1 By priority: Life and health Sciences

1.2 By sub-priority: Basic and applied research in the field of biology – Search for new medicinal substances. Their pharmacological research and technologies for the production of original medicinal products.

1.3 On the topic of the project: ARO5134397 "Development of drugs for the correction of chronic diffuse liver diseases based on individual plant substances" -

1.4 Total project amount: 24,000,000 (twenty four million) tenge, including with a breakdown by years, for the performance of work in accordance with paragraph 3:

- for 2018 - in the amount of 8,000,000 (eight million) tenge;

- for 2019 - in the amount of 8,000,000 (eight million) tenge;

- for 2020 - in the amount of 8,000,000 (eight million) tenge.

2. Characteristics of scientific and technical products by qualification characteristics and economic indicators:

2.1 Direction of work: Applied research. Biopharmacy, bioorganic

2.2 Scope: pharmacology, pharmacy

2.3 End result:

- for 2018; Effective nanocomplexes will be obtained on the model of alcoholic, steatohepatitis, 2 articles will be submitted in peer-reviewed foreign or domestic scientific publications with a non-zero impact factor ("Chemistry of Plant Raw Materials", "Bulletin of ENU"),

- for 2019: Budug obtained effective nanocomplexes on the model of non-alcoholic steatohepatitis, will be submitted | an article in a scientific publication indexed in the Web of Science or Scopus database with a non-zero impact factor (Journal of Pharmacy and Pharmacology);

- for 2020: Selection of the most effective nanocomplexes for preclinical trials will be carried out. 1 article will be submitted to a scientific publication indexed in the Web of Science or Scopus database with a non-zero impact factor ((Journal of Phetotherapy), a patent application will be filed.

2.4 Patentability: Patentable:

2.5 Scientific and technical level (novelty): New panoparticles based on cyclodextrins for the creation of new domestic nanostructured drugs.

2.6 The use of scientific and technical products is carried out: Will be used in the pharmacy of the Republic of Kazakhstan and the Republic of Belarus

2.7 Type of use of the result of scientific and (or) scientific and technical activities: Nanocomplexes of medicines:

	Job code,

stage
	Name of work under the Agreement and the main stages of its implementation
	Period of execution
	Expected Result

	
	
	start
	end
	

	1
	Collection and purchase of raw materials, development of cooking technology.

Isolation and purification of individual biologically active substances in Kazakhstan and Belarus
	January 2018
	June 2018
	The collection and purchase of raw materials will be carried out, preparation technologies will be developed.

  Individual biologically active substances of Kazakhstan and Belarus will be isolated and purified

	2
	Development of methods for the complexation of plant substances, means with cyclodextrins. Assessment of complexation by physical and chemical methods.
	July 2018
	С

Until November 1, 2018
	Methods for the complexation of plant substances, means with cyclodextrins will be developed. An assessment of the integration by physical and chemical methods will be carried out.

	3
	Screening studies of substances on models of steatosis, steatohepatitis
	June 2018
	Until November 1, 2018
	Screening studies of substances will be carried out on models of steatosis, steatohepatitis,

2 articles will be submitted in peer-reviewed foreign or domestic scientific journals with a non-zero impact factor ("Chemistry of Plant Raw Materials", "Vestnik ENU")

	4
	Study of the effectiveness of the studied substances on the model of alcoholic steatohepatitis
	January 2019
	June 2019
	A study of the effectiveness of the studied substances will be carried out on the model of alcoholic steatohepatitis

	5
	Study of the effectiveness of the studied nanocomplexes on the model of non-alcoholic steatohepatitis
	July 2019
	Until November 1, 2019
	A study of the effectiveness of the studied nanocomplexes will be carried out on the model of non-alcoholic steatohepatitis, 1 article will be submitted to the journal in a scientific publication indexed in the Web of Science or Scopus database with a non-zero impact factor (Journal of Pharmacy and Pharmacology).

	6
	Analysis of the results obtained. Preparation of patent documentation. Selection of the most effective nanocomplexes for preclinical testing
	January 2020
	June 2020                                                                                                                              
	An analysis of the results will be carried out.

Patent documentation will be prepared, a patent application will be filed. The selection of the most effective nanocomplexes for preclinical testing will be carried out.

	7
	Preparation of documentation for preclinical studies
	July 2020
	Until November 1, 2020
	Documentation for preclinical research will be prepared, 1 article will be submitted to a scientific publication indexed in the Web of Science or Scopus database with a non-zero impact factor. (Journal of Phetotherapy), patent pending.


	From customer:

The chairman

State Institution "Science Committee of the Ministry of Education and Science of the Republic of Kazakhstan"

__________________ B. Abrasilov
	From the Contractor:

Vice-rector for research work with the RSE on the REM “Eurasian National University named after L.N. Gumilyov "MES RK

__________________ G. Merzadinova

Familiarized with:

Scientific supervisor of the project

_________________ S. Rakhmadiyeva
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TEXHOJIOT Ui ] BynyT noarorosmnens: u

ony6nukoBans! 10-12
CTaTe# B Ka3aXCTAHCKUX
U 3apy0e)KHBIX
HU3JTaHUsX, B TOM 4ucie |
CTaThs B XypHanax,
UHIEKCUPYEMBIX B
MEeXTyHapOaHOU Oase
Scopus/ Web of Science
U B )KypHajax,
PEKOMEHI0OBAHHBIX
KKCOH MOH PK
(«Bectauk EHVY»),
Oyner nposesien
KPYIJIBIH CTOJ
«Mesxnynaponusre
IIPaBOBbIE aCIIEKTHI
Pa3BUTH KOCMHUYECKOH
OTpaciii B pecItyOinke
Kazaxcran u
ITepPCIIeKTHUBBI
BCTyruieHust B PKPTy,
Oyner uznana
KOJUIEKTHBHASI
MOHOTpa(us 1Mo UToram
HucciaenqoBaHus Ha
PYCCKOM sI3BIKe
«CoBepILeHCTBOBaHKE
HAI[HOHAJIBHOIO U
Me)KﬂyHaPOIIHO-
[IPaBOBOIO peKUMa
KOHTPOJIS 32 paKETHBIMHU
TEXHOJIOTUAMUY, OYIyT
paspaboTaHbl
OPpeaJIOXKEHUS 110
COBEPIIEHCTBOBAHUIO
3aKoHogarenscTBa PK.

2. Hacrosimee Jlomonuurensaoe COTJIAIICHUE SBIAETCS HEOThEeMJIEMOL
JacTbio JloroBopa u BCTYNIaCT B CUJy ¢ MOMEHTa €ro MOIIUCAHUS CTOPOHAMHU U
neucTByeT 110 31 nexadbps 2020 ropa.

3. Hacrosmee JIonogHUTEIBHOE COIaLIe HHUE ABJISICTCS HEOTHEMIIEMOM YaCThIO
Jorosopa.
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4. Vcnosus Jloroopa Nel32 or 12 mapra 2018 roma, me 3aTPOHYTHIE
HacCTOsIIIUM I[OIIOJ'IHI/ITCJ'IBHBIM COTJIaLLICHHUEM, OCTAKOTCS B HEU3MEHHOM BUC.

5. HOHOJIHI/ITCJII:HOG COrJiallICeHHE COCTaBJIEHO B ABYX J3K3eMIUIsIpax, II0
OIHOMY OSK3EMIUIPY JUIS K&KIOM M3 CTOPOH, MMEIONHMX OJMHAKOBYIO
IOPUIMIECKYIO CHITY.

6. FOpuanyeckue aapeca cTopom:

«3aKa3zyHK»: «McenonHuTe B
I'Y «Komurer Hayku MUHHCTEpCTBA PI'TI na ITXB «EBpa3uiickuii
o0pa3oBaHus U Hayku Pecry6nuku HallMOHANIBHBIA YHUBEPCUTET
Kazaxcran» umenu JL.H. 'ymunesay»
r. Hyp-Cynras, MuHucTepcTBa 00pa30BaHus U HAYKH
npocnekT Monrinik Eun, 8 Pecniyénuku Kazaxcran
BHH 061 140 007 608 010008, r. Hyp-Cynran, yn. Catnaesa, 2
BUK KKMFKZ2A Ten. 8 (7172) 70-95-46, 70-94-57
HNHMK KZ92070101KSN0000000 MK KZ816010111000363791
K6e 11 AO «Hapopnsriit bank Kazaxcrana»
PI'Y «Komurer Ka3naueiictsa BUK HSBKKZKX
MunucrepcrBa punancos PK» BHMH 010 140 003 594

KBE 16

Hpeuceng:rqenb IIpopexTop Mo HayKke H HHHOBAILHSM
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