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Relevance of the study
Mental and behavioral disorders account for a significant share of the global burden of disease. Maintaining mental health is the basis of human well-being and a leading priority of the World Health Organization (WHO, 2022). 
Currently, stress is recognized as one of the leading risk factors that cause significant damage to health [1, 2]. According to Selye, stress is a non-specific response of the body to any change in conditions that requires adaptation. Long-term exposure to systemic and emotional stress factors requires human body to adapt and rearrange its functions more actively. The intensification of life because of hyperurbanization activates socio-behavioral stressors and increases the degree of population susceptibility to stress [3, 4, 5].
Neurotic, stress-related and somatoform disorders are one of the most common disorders among the population as well as difficult for differential diagnosis. Their development is explained by the stress-related model of occurrence [6].
An important role in the risk of occurrence and development of stress disorders is played by individual predisposition or vulnerability, with the obligatory impact of a stress factor. Personalized reaction of the individual to a stressful event is predominantly important for the pathogenesis of the neurotic disorders particularly [7].
The damaging role of stress in the development of somatic pathology of the cardiovascular, digestive, neuroendocrine, reproductive, immune and other systems has been proven [8, 9, 10]. Regardless of the type of stress, the typical damage developing as a result of stress effects includes disturbances in the autonomic and humoral balance expressed in shifts of mediator processes and tissue metabolism with activation of oxidative stress [11, 12]. The result of activation of free radical oxidation is damage to biological membranes with the loss of their barrier, receptor, catalytic and other functions with subsequent structural and functional damage to tissues and organs [13, 14]. There is evidence of a decrease in the level of free radical oxidation and carbonyl proteins under conditions of experimental hypokinetic stress in rats [15, 16]. Numerous studies confirm a close relation between stress-induced neurotic disorders and the development of somatic pathology, induced by a cascade of oxidative modification of proteins [17]. Accumulated data indicate that excessive production of free radicals or oxidative stress may be involved in the pathophysiology of schizophrenia and bipolar disorder [17, 18, 19, 20]. Free radical-mediated abnormalities may contribute to specific aspects of schizophrenic symptoms and complications of its treatment with antipsychotic drugs, as well as the development of tardive dyskinesia [21]. The phenomenon of oxidatively modified proteins in living organisms can be considered as a relatively stable diagnostic parameter of their structural and functional state, which is of great importance in clinical practice [22, 23].
Taking into account the complex pathogenetic mechanisms of stress disorders, the model of chronic unpredictable stress allows to recreate and study the behavioral, biochemical and pathomorphological changes occurring in the body of experimental animals, allowing to increase the reliability of the psychotropic effect of the studied drugs.
The model of "Chronic unpredictable moderate stress" (CUMS), associated with long-term exposure to unpredictable stress, is considered the most relevant model for the formation of stress disorder in laboratory animals [24].
Currently, the nature and extent of molecular and cellular changes under the influence of chronic stress with the formation of behavioral disorders and the dynamics of their changes against the background of pharmacological therapy are an acute issue, due to the difficulty of achieving the desired stable result of therapy and the duration of residual effects of disorders.

Research aim: 
To evaluate molecular and cellular changes in moderate chronic stress-induced disorders and after their pharmacological correction in an experimental model of chronic unpredictable moderate stress.

Research objectives: 
1. To create a model of stress-induced disorder in rats using the criteria for identifying behavioral patterns based on behavioral tests.
2. To identify and study the level and direction of oxidative metabolism changes typical for stress-induced disorders based on biochemical parameters in the rats’ blood and brain homogenate, and rats’ blood cortisol.
3. To assess the structural and functional state of brain of the rats experiencing chronic unpredictable stress and in the comparison group.
4. To provide a comparative description of the effects of placebo, harmine hydrochloride, and amitriptyline on the behavioral responses of rats experiencing chronic unpredictable moderate stress.
5. To provide a comparative description of the effects of placebo, harmine hydrochloride, and amitriptyline on the level of oxidative metabolism products in the blood and brain homogenate and level of blood cortisol in rats experiencing chronic unpredictable moderate stress.
6. To provide a comparative description of the effects of placebo, harmine hydrochloride and amitriptyline on the structural and functional state of the brain in rats experiencing chronic unpredictable moderate stress.
[bookmark: _Hlk3240218]
Materials and methods: 
Ethical standards
The study was conducted according to the requirements of the European Convention for the Protection of Vertebrate Animals used for Experimental and other Scientific Purposes (Strasbourg 1986), the requirements of GLP OECD, the Principles of Good Laboratory Practice for the EаEU No. 81, and the order No. 392 of the Ministry of Health of the Republic of Kazakhstan from 25.05.2015. The study was approved by the decision of Karaganda Medical University NCJSC Bioethics Committee No. 65, protocol No.20 from 17.06.2019.

Study design
The study consisted of two series shown in Figure 1.
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Figure 1 – Study design

For the experiment, we selected mongrel male rats weighing 450–500 g, which were randomized into 2 equal groups of 10 rats.
First Series. Two groups participated in the first series. Among them, the first group was the control, and the second group was exposed to the formation of a stress-induced disorder model in rats using the chronic unpredictable moderate stress (CUMS) method. We further assessed behavioral, biochemical, and histological parameters. The model was successfully tested for further use.
In the second series of studies, the CUMS model was reproduced, after which the animals were divided into 3 groups for subsequent therapy using placebo, harmine hydrochloride, and amitriptyline.
A model of stress-induced disorder was developed using animal model validity criteria.
We used our own 21-day modified CUMS model, consisting of three seven-day cycles to form a stress-induced disorder [25, 26], The model included non-repeating stressors of moderate intensity, applied once per day for 6 days. On the 7th day, we conducted a control in behavioral tests. 
The following stressors were used in the model: 
The “Narrow cell” reduces the cage space by half by installing an additional partition inside the cage. The “Food deprivation" is deprivation of food for 24 hours. During “Immobilization in a case” animals were placed in individual cases without restriction of space for movement, but not movement itself. “Shading during daylight hours” is an artificial 15-hours shading during daylight hours. “Water deprivation” is 10 hours of water deprivation. “Artificial light during night hours” is a creation of artificial lighting lasting 15 hours during the dark hours, “Full immobilization” is placing animals in individual cages, preventing them from moving for 2 hours.
The types of stressors, their alternation and exposure are shown in Figure 2. 
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Figure 2 – Stages of «Chronic unpredictable moderate stress» model in rats

The researchers assessed the behavior and mental state, biochemical parameters of blood and brain, and histologically examined the brains of animals in both groups. The animals underwent behavioral and mental state assessment in behavioral tests on 0, 7, 14, and 21 days of the experiment.
Venous blood for subsequent biochemical analysis was collected from the rat's tail vein four times on 0, 7, 14 and 22 days of the experiment, by antiseptic rules. The volume of the 1st (before the experiment) and 4th (upon completion of the model creation) blood samples was sufficient to analyze all the parameters of the study. The volume of 2nd and 3rd samples was less but enough to determine the animals' blood cortisol levels. Decapitation of rats with removal of the brain with the cerebellum, separation of the hemispheres and preparation for biochemical and histomorphological studies was carried out on the 22nd day of the experiment under light ether anesthesia.
Second Series. Comparative study of pharmacotherapeutic efficacy in rats with CUMS model and stress-induced disorder.
From the first day of the experiment, all 30 rats were subjected to the CUMS model creation procedure for 21 days. On the 22nd day, the researchers conducted behavioral tests, collected blood samples, and divided the animals into 3 groups by randomization of 10 animals per group. Group 3 received a placebo, group 4 received harmine hydrochloride, and group 5 received amitriptyline. Drug therapy continued from the 22nd to the 42nd day of the experiment. During this time, the animals were not exposed to stress and were not tested in behavioral tests.
Placebo, harmine hydrochloride, or amitriptyline were administered orally through a catheter to laboratory animals daily at 10:00 from the 22nd to 42nd days. The drug dose was calculated according to the manufacturer's recommendations and adjusted for a rat-specific conversion factor of 0,160 [27].
On day 42, all animals underwent behavioral tests and on day 43 blood samples was gathered in a volume sufficient to determine all studied parameters. Afterward, the rats were decapitated under light ether anesthesia. The researchers removed the brain with the cerebellum, divided the hemisphere and prepared it for biochemical and histomorphological studies. 

Study materials
The materials of the studies in both series were rat blood and brain. Venous blood was collected from the rats from the tail vein after preliminary cleaning of the integuments, by venesection into 2 ml Eppendorf tubes, with blood stabilization by heparin. 
After decapitation and removal of the animal's brain, it was divided interhemispherically using a sharp method. Half of the material was placed in a 10% buffered neutral formalin solution for further processing and histological examination.
Preparation of brain samples for biochemical studies included washing with saline, drying with filter paper, dividing into small pieces and conserving with liquid nitrogen to preserve the native properties of the tissue. Rat brains were transported and stored in a freezer at -180C, then homogenized.

Methods of behavioral assessment in experiment
Behavioral tests including “Elevated Cross Maze” [28, 29], “Оpen field” [30, 31], “Tail suspension” [32], “Sucrose preference” [33, 34] were conducted on the day preceding the experiment and after the experiment start every 7 days from the first day of the experiment.

Biochemical tests
Biochemical tests were performed using standardized methods after preparation of blood and brain homogenate followed by spectrophotometric analysis.
Catalase activity in rat brain was determined by the method of Aebi [35]; Malondialdehyde (MDA) in rat brain was determined by the method of Ohkawa et al., [36, 37, 38]; MDA in rat erythrocytes was determined by the protocol of Goncharenko M.S. & Latypova A.M. [39, 40]; MDA in rat blood plasma was determined by the protocol of Korobaynikova E.N. [41]; Reactive carbonyl derivatives of proteins (RCDP) in rat brain tissue was determined by the protocol of Arutyunyan A. et al. [42]; RCDP in rat erythrocytes and blood plasma was determined by the method of Levine R.L. et al. [43, 44]; Determination of purine metabolism indicators and their catabolites in erythrocytes and blood plasma was performed by direct spectrophotometry according to the method of Oreshnikov E.V. et al. [45, 46]; Membrane-bound hemoglobin in red blood cells was determined using the method of Toktamysova Z.S. and Birzhanova R.Kh. [47]; methylglyoxal in red blood cells was determined using a modified Racker method [48, 49]; Cortisol in blood plasma was determined using standard High Sensitive ELISA Kit for Cortisol (Cor) reagent kits for quantitative enzyme-linked immunosorbent assay of cortisol intended for all types of organisms. 
Pathomorphological tests
The brain samples were preserved in a 10% buffered neutral formalin solution and processed according to the standard histological method with embedding the material in paraffin wax. [50]. The morphological picture of samples was assessed at X100, X200, X400 and X1000-fold magnification on a computerized microscope with digital microphotography of histological samples using Leica DFC320 camera and a Leica DM1000 microscope from “Leica Microsystems”.
Statistical analysis
Statistical analysis was performed using demo versions of STATISTICA 7 and IBM SPSS.Statistics.v22.Multilingual-EQUiNOX (SPSS Inc). Computational methods of nonparametric statistics were used to study the statistical significance of differences in independent quantitative indicators in small samples with non-normal distribution. 
The normality of distribution was tested using a graphical method, histograms, quartile diagrams, and a quantitative method when evaluating the Kolmogorov-Smirnov test and Shapiro–Wilk test.
Average trends were described as mean ± standard deviation or medians and quartiles depending on the type of distribution. Comparison of indicators in dependent samples before and after the experiment in two groups of the first series was carried out using the Wilcoxon signed-rank test, at a significance level of α=0.05. The dynamics of parameters were displayed using a graphical method using span diagrams. 
Multiple comparisons (p-levels) of cortisol levels before and after the experiment in two groups were performed using the Kruskal-Wallis H test. The nonparametric Friedman test was used to compare cortisol levels in the groups of the first series. Based on the results, we found statistically significant differences (p = 0,00003) in the cortisol level depending on the blood sampling number. For pairwise comparison of the cortisol level in four blood samplings, the nonparametric Wilcoxon test with Bonferroni correction was used (adjusted significance level α = 0,013).
Comparison of independent variables before and after the experiment in two groups of the first series was carried out using the Mann-Whitney U test, for a significance level of α=0,05.
In the second series, the parameters were presented based on medians.  Multiple comparisons (p-levels) of the parameters before the experiment, after creating the CUMS model, and after 1, 2 and 3 treatments were carried out using the Kruskal-Wallis H test, for a significance level of α=0,05.

Main provisions submitted for defense:
1. The developed model of chronic unpredictable moderate stress (CUMS) effectively reproduces behavioral and biochemical changes associated with depressive and anxious states in laboratory animals.
2. Chronic stress causes persistent changes in oxidative metabolism in the blood and brain tissues of experimental animals.
3. Chronic stress causes persistent structural changes in the brain of experimental animals associated with impaired blood supply and tissue trophic.
4. Pharmacological correction with amitriptyline and harmine hydrochloride helps to reduce depressive behavior in animals experiencing CUMS model, but does not restore the initial level of anxiety.
5. The use of amitriptyline and harmine hydrochloride aggravates changes in oxidative metabolism in animals experiencing CUMS model.
6. Pharmacological therapy with amitriptyline and harmine hydrochloride does not eliminate structural damage to the brain of animals experiencing CUMS model.

Conclusions
During the analysis, all research hypotheses were confirmed. The purpose and objectives of the dissertation were also fully implemented. Based on the quantitative and qualitative analysis, the following conclusions can be made:
[bookmark: _Hlk144455396]Conclusion 1
The developed model of chronic unpredictable moderate stress (CUMS) is characterized by the formation of depressive and anxious behavior, which is demonstrated by a change in behavioral reactions: in the “Elevated Cross Maze” test a decrease in the DVLS (duration of visit to lit sleeves)  indicator by 100% (p = 0.025), AVLS (amount of visit to lit sleeves) by 100% (p = 0.043), stances by 100% (p = 0.018), and the number of urinations (p = 0.008) and defecations (p = 0.021) by 100%, plus an increase in DVDS (duration of visit to dark sleeves)  by 32% (p = 0.013). In the “Open Field” test there was a decrease in AHM (amount of horizontal movements) by 61.12% (p = 0.005) and a decrease in VMA (vertical motor activity) by 70% (p = 0.007). In the Sucrose Preference test a decrease in sucrose consumption by 61% (absolute calculation) and the total amount of liquid by 15% (absolute calculation) were observed.
Conclusion 2
During the formation of chronic unpredictable moderate stress, the cortisol level increases by 156% (p = 0.016) and persistent multidirectional changes in oxidative metabolism in the blood and brain tissues of experimental animals develop. These changes include an increase in the content of reactive carbonyl derivatives of protein (RCDP) in erythrocytes by 69% (p=0.059), methylglyoxal in erythrocytes by 23.09% (p=0.009), with a simultaneous decrease in the level of malondialdehyde (MDA) in plasma by 10.05% (p=0.009), an increase in uric acid in erythrocytes by 82.79% (p = 0.013) and blood plasma by 56.96% (p = 0.028),  as well as an increase in the level of RCDP and MDA in brain tissues by 146% (p=0.001) and 96% (p=0.002), respectively. 
Conclusion 3
Exposure to chronic stress results in significant structural damage to the brain, characterized by extensive perivascular and pericellular hemorrhages, gliosis zones, and significant destructive changes in neurons. In 80%, erythrocyte thrombi, severe pericellular edema, and systemic ischemic damage, including encephalomalacia and porencephaly, are formed.
Conclusion 4 
Pharmacotherapy, to a small extent, contributes to the reduction of depressive behavior, and in the harmine hydrochloride group in the “Elevated cross maze” test  allowed to achieve of the initial level of DVLS (p = 0.000), a decrease in DVDS by 6% (p = 0.001), an increase in hanging episodes (p = 0.020) while maintaining the DVC (duration of visits to center) at the typical level for CUMS. In the “Open field” test, the number of urinations increased in the harmine hydrochloride group (p = 0.017), while the indicators of the tail suspension test decreased in all therapy groups. The sum of the test results indicates the effect of a high level of anxiety during harmine hydrochloride and amitriptyline therapy relative to the initial level for DVC by 74.5% (p = 0.458) and 76.5% (p = 0.103), respectively. As well as for other indicators, they demonstrate behavioral disinhibition in the harmine hydrochloride group. A consistent and comparable increase in sucrose consumption demonstrates a decrease in the depressive mood of animals in all treatment groups.
Conclusion 5
The use of amitriptyline and harmine hydrochloride contributes to the aggravation of oxidative metabolism changes in the blood of animals experiencing chronic unpredictable stress. These changes are expressed in an increase in the content of reactive carbonyl derivatives of protein in plasma by 430.88% (p =0 .000) ad 449.8% (p = 0.000) respectively, as well as malondialdehyde in erythrocytes by 51.79% (p = 0.001) and 50.66% (p = 0.025) and in plasma by 59.3% (p = 0.000) and 29.72% (p = 0.073) respectively. At the same time, a tendency of the cortisol level decrement was observed in blood by 64.9% (p = 0.003) and 47.6% (p = 0.112), respectively.
Conclusion 6
The use of amitriptyline and harmine hydrochloride does not contribute to the reduction of structural changes in the brain of animals experiencing chronic unpredictable stress, and the process of formation of fresh foci of damage, by the end of the therapy, was limited only in the amitriptyline group.

Scientific originality:
1. For the first time, a comprehensive assessment of the dynamical changes in reactive carbonyl derivatives of proteins, malondialdehyde in the blood and brain of rats, catalase activity in the brain, purine derivatives, membrane-bound hemoglobin, erythrocyte methylglyoxal and plasma cortisol, and morphofunctional changes in the brain was made in an experiment during the formation of chronic unpredictable moderate stress. A certificate of inclusion in the state register of rights to objects protected by copyright No. 7372 was received dated December 30, 2019, a work of science, the name of the object "Method for the formation of stress-induced disorders in an experiment in animals".
2. For the first time, a comprehensive assessment of the dynamical changes in reactive carbonyl derivatives of proteins, malondialdehyde in the blood and brain of rats, catalase activity in the brain, purine derivatives, membrane-bound hemoglobin, erythrocyte methylglyoxal and plasma cortisol, and morphofunctional changes in the brain was made in an experiment after pharmacological correction  of the consequences of the formation of chronic unpredictable moderate stress in rats. 

Theoretical significance of the study
1. The obtained data allow to expand and supplement the fundamental concepts of molecular-cellular pathogenetic mechanisms of the stress-induced disorders formation because of the influence of chronic stress factors on the systemic biochemical processes of the body
2. The results of the study allow to explain the influence of chronic stress as a mechanism of maladaptation, characterized not only by behavioral disorders, but also by systemic processes involving homeostasis mechanisms with subsequent systemic damage effects.
3. The study of the pathomorphological picture of structural and functional changes in the brain of rats under the influence of chronic stress demonstrates signs of neurodegeneration, thus, its effects are not limited to behavioral disorders.
4. The results of the study provide grounds for explaining the significance of chronic stress in the development of a significant number of somatic disorders.
5. A comparison of the results of the studied parameters against the background of placebo-controlled treatment with harmine hydrochloride and amitriptyline in rats experiencing CUMS, providing information on the nature and timing of the changes reversal, their prolongation and the state of the studied parameter at the time of the minimum recommended period of pharmacotherapy.

Practical relevance: 
1. A model of chronic unpredictable moderate stress in rats was tested and reproduced, confirmed by behavioral and molecular-cellular parameters.
2. The results of the study have been implemented in the educational activities of the Department of Physiology of the "Karaganda Medical University" NCJSC in the "Mechanisms of Diseases" Module, "Nervous System" Discipline under the name "Dynamics of Molecular Changes in the Formation of Stress-Induced Disorders", act of implementation of R&D results No. 28, dated October 30, 2024.
3. The results of the study are included in the list of methods of the Research Laboratory of the "Karaganda Medical University" NCJSC under the name "Method of forming stress-induced disorders in an experiment in animals", act of implementation of R&D results No. 24, dated October 14, 2024.
4. Based on the obtained data on the continuous existence of biochemical and structural-functional disorders after 3 weeks of pharmacotherapy, with stress factor ceasing its effect with the start of the said pharmacotherapy, we confirmed that pharmacotherapy requires expanding the boundaries of its application in terms of its duration. 
5. The results of the study have been implemented in the educational activities of the Department of Clinical Pharmacology and Evidence-Based Medicine of the “Karaganda Medical University” NCJSC in the discipline: "Clinical Pharmacology-1" for the residents of the 1st year of study of the "Clinical Pharmacology" specialty, under the name "Dynamics of molecular changes in pharmacological correction of stress-induced disorders", act of implementation of R&D results No. 36, dated December 09, 2024. 
6.	The results of the study have been included in clinical activities as recommendations included in the diagnostic plan at the Clinic of the "Karaganda Medical University" NCJSC under the name "Assessment of the dynamics of changes in clinical and biochemical parameters in patients with pharmacological correction of stress-induced disorders", act of implementation of R&D results No. 31, dated November 21, 2024. 

Author’s Personal Contribution:
The dissertation candidate developed and conducted the experimental part of the study. Formation of the CUMS model, study of animals in behavioral tests, collection of biological material, conduction of biochemical studies together with the laboratory's research staff, study of histological preparations under the supervision of doctor of medical sciences, Professor M.M. Tusupbekova, delivery and preparation of biological material, participation in the preparation of histological preparations, processing statistical data, description and generalization of the obtained results.

Publications on the topic of the dissertation
[bookmark: _Hlk181747111]Based on the dissertation materials, 13 works have been published.
4 works have been published in periodics recommended by the Committee for Control in the Sphere of Education and Science (3 articles in "Medicine and Ecology", 1 article in "Neurosurgery and Neurology of Kazakhstan").
4 works have been published in the journals included in the Scopus database, including 3 articles (2 articles in OAMJMS, E-ISSN:1857-9655 – 2020 – 48 percentile, 1 article in General Medicine ISSN:1311-1817 – 2020 – 2 percentile and 1 abstract in Annals of Anatomy, Abstracts part I, 27th International Symposium on Morphological Sciences - ISMS 2021, ISSN:0940-9602, E-ISSN:1618-0402 – 2021 – 76 percentile).
2 articles and 2 abstracts were published in the materials of international conferences. 
1 certificate of inclusion in the state register of rights to objects protected by copyright No. 7372 dated December 30, 2019.

Contribution of the PhD student to the preparation of each publication:
Certificate of entry into the state register of rights to objects protected by copyright No. 7372, dated December 30, 2019, scientific work; name of the object  «Метод формирования стресс-индуцированных расстройств в эксперименте у животных» - literature review, determination of relevance, goals and objectives, creation of a model, conducting an experiment, analysis and interpretation of data, formulation of findings and conclusions, preparation and editing of text, approval of the final version, submission of documents for registration.
«The Level of Reactive Carbonyl Derivatives of Proteins, Methylglyoxal, and Malondialdehyde in Rats Experiencing Chronic Unpredictable Moderate Stress» Open Access Macedonian Journal of Medical Sciences. 2020 – Apr.25; 8(A) – P.266-272. – literature review, determination of relevance, goals and objectives, creation of a model, conducting an experiment, analysis and interpretation of data, formulation of findings and conclusions, preparation and editing of text. 
«Carbonyl Derivatives of Proteins, Malondialdehyde, and Catalase Activity in the Brain of Rats after Therapy Following Chronic Unpredictable Moderate Stress.» Open Access Macedonian Journal of Medical Sciences. 2020 – Oct.10; 8(A) – P.691-698. – literature review, determination of relevance, goals and objectives, creation of a model, conducting an experiment, analysis and interpretation of data, formulation of findings and conclusions, preparation and editing of text, approval of the final version.
«Стрес и негово то значение за организма.» Обща медицина. 2020 – Том 22, № 6. – С.74–81. – collecting data for the article, drafting sections of the manuscript, participating in the scientific design of the publication.
«К проблеме моделирования стрессовых расстройств в эксперименте на животных.» Медицина и экология. – 2019. - №4 (93). – С. 78-84. – concept development, literature review, determination of relevance, goals and objectives, creation of a model, conducting an experiment, analysis and interpretation of data, formulation of findings and conclusions, preparation and editing of text.
«Влияние гармина гидрохлорида на поведенческие реакции крыс с моделью стресс-индуцированного расстройства.» Медицина и экология. – 2020. - №1 (94). – С. 77-87. – concept development, literature review, determination of relevance, goals and objectives, creation of a model, conducting an experiment, analysis and interpretation of data, formulation of findings and conclusions, preparation and editing of text.
«Мембраносвязанный гемоглобин в норме и при патологических состояниях.» Медицина и экология. – 2020. - №1 (94). – С. 58-64.  – data collection, preparation of manuscript fragments, joint analysis and interpretation of literary data with the supervisor, joint preparation of the final version of the article.
«Влияние гармина гидрохлорида на двигательное и психоэмоциональное состояние при экспериментальном паркинсонизме.» Нейрохирургия и неврология Казахстана. – 2020. - №3(60). – С.46-55. – preparation of a section on behavioral changes when using harmine hydrochloride in rats experiencing CUMS based on the experiment conducted in the dissertation work.
«Purine metabolism features in stress-induced disorders as a risk factor for cerebrovascular pathology development.» Annals of Anatomy - Anatomischer Anzeiger. Abstracts part I.//27th International Symposium on Morphological Sciences - ISMS 2021. – 2020. -Volume 230, Supplement – Р.61-62. – development of the concept and structure of the thesis, highlighting the most important aspects of the research conducted, preparation and editing of the text, approval of the final version.
«Plasma cortisol level in rats with chronic unpredictable moderate stress model.» International Scientific Conference «Scientific research of the SCO countries: synergy and integration» Beijing (Пекин, China). – literature review, determination of relevance, goals and objectives, creation of a model, conducting an experiment, analysis and interpretation of data, formulation of findings and conclusions, preparation and editing of text, approval of the final version.
 «Изучение некоторых показателей окислительного метаболизма при стресс-индуцированных расстройствах.» Международный журнал сердца и сосудистых заболеваний. 2020; 25. Приложение 1. // Сборник научных трудов IX международного форума кардиологов и терапевтов 25-27 марта 2020 г.  - г. Москва - С. 106. – development of the concept and structure of the thesis, highlighting the most important aspects of the research conducted, formulating hypotheses and conclusions, preparation and editing of the text, approval of the final version.
 «Изменение метаболизма пуринов при стрессовых расстройствах как фактор риска сердечно-сосудистых заболеваний.» Международный журнал сердца и сосудистых заболеваний. 2020; 25. Приложение 1. // Сборник научных трудов IX международного форума кардиологов и терапевтов 25-27 марта 2020 г.  - г. Москва - С. 107. – development of the concept and structure of the thesis, highlighting the most important aspects of the research conducted, formulating hypotheses and conclusions, preparation and editing of the text, approval of the final version.
«Некоторые показатели окислительного метаболизма у крыс с моделью хронического непредсказуемого умеренного стресса.» Fundamental and applied scientific research (ICFARS) // Сборник научных трудовInternational Scientific and Practical Conference RELF Group&OEAPS Inc. - Берлин, Германия. - OEAPS Inc. - Nov 2019. -  С. 30-40. – literature review, determination of relevance, goals and objectives, creation of a model, conducting an experiment, analysis and interpretation of data, formulation of findings and conclusions, preparation and editing of text, approval of the final version.

Relationship of the dissertation with other research works
The dissertation work was carried out on the basis of JSC “International Scientific and Production Holding "Phytochemistry"”, at the Department of Biological Chemistry, Department of Pathomorphology, Laboratory of Collective Use of the “KMU” NCJSC within the framework of the research program of the IRN No. BR05236584 “Development of New Herbal Medicines and Their Pharmacological and Clinical Studies” (2018-2020) and the research project IRN No. AP08052389 “Development of a new neurotropic drug: pharmacological and clinical studies” (2020-2022), funded by the Ministry of Education and Science of the Republic of Kazakhstan. 
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