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ABOUT THE NEED TO INCLUDE SCREENING MARKERS OF INFLAMMATION TO 
POPULATION FOR PEOPLE WITH METABOLIC SYNDROME AND ITS CORRECTION

Abstract. In metabolic syndrome, insulin resistance develops, risk of type 2 diabetes, cardiovascular 
diseases, polycystic ovary syndrome, hepatosis, asthma and some forms of cancer increases. Presence of 
these symptoms can increase probability of diabetes mellitus complications. It was found that the risk of 
developing colorectal cancer increases in both men and women with type 2 diabetes, which is associated with 
the proliferation of colon cells caused by hyperinsulinemia and an increase in the level of free IGF1 insulin-like 
growth factor. In connection with the growing rates of an increase in the signs of metabolic syndrome among 
the Kazakh population, there is a need for early diagnosis, identification of markers of complications and 
development of mechanisms for prevention of its progression. As known, metabolic syndrome is a collection 
of cardiometabolic risk factors characterized by central obesity, hypertension, atherogenic dyslipidemia, 
hyperglycemia, prothrombotic and pro-inflammatory conditions. In patients with metabolic syndrome, a 
combination of various pathologies is noted, which involves taking several drugs. When taking medications, 
it is not always possible to achieve their synergistic action and prevent possible side effects. In addition, there 
is a risk of potentially dangerous combinations arising from the multiple interactions of active and excipients 
of co-administered drugs. One of the directions for a rational approach to combined drug therapy - is the 
development of new drugs that combine carefully selected combinations of several drugs that potentiate each 
other and/or reduce side effects.

Key words: metabolic syndrome, diabetes mellitus, markers of inflammation, large intestine.

Introduction. In connection with the growing rates of an increase in the signs of metabolic syndrome 
among the Kazakh population, there is a need for early diagnosis, identification of markers of complications 
and development of mechanisms for prevention of its progression. Metabolic syndrome is a set of 
cardiometabolic risk factors characterized by central obesity, hypertension, atherogenic dyslipidemia, 
hyperglycemia, prothrombotic and pro-inflammatory conditions [1]. These pathophysiological alterations 
are accompanied by development of oxidative stress and inflammation, which precede a whole complex of 
various categories of diseases: atherogenic phenomena or malignant diseases. In metabolic syndrome, insulin 
resistance develops, risk of type 2 diabetes, cardiovascular diseases, polycystic ovary syndrome, hepatosis, 
asthma and some forms of cancer increases. 

Materials and methods. Type 2 diabetes mellitus is a complex metabolic disorder characterized by 
alteration in lipid metabolism, insulin resistance, and pancreatic β-cell dysfunction. Exactly this is the type, 
which accounts for more than 90-95% of all cases of diabetes. Obesity is the most common risk factor for 
developing of type 2 diabetes. Currently, there are no effective methods of its treatment, which necessitates 
the development of new prophylactic and/or therapeutic drugs.

In general, metabolic syndrome is a condition in which pathogenetic mechanisms of the chronic 
inflammatory process in the gastrointestinal tract development, associated with changes in the biological 
diversity of intestinal microbes is triggered [2]. Currently, diabetes mellitus is one of the most widespread 
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metabolic diseases; its complications are observed in various organ systems, including the gastrointestinal 
tract [3]. Disorders of the gastrointestinal tract are recognized as one of the most common complications 
of diabetes, affecting all parts of the intestine, causing structural and functional changes in the intestinal 
wall and violations of biomechanical remodeling. In addition, diabetes is considered as a risk factor for 
the development of colon and rectal cancer, which are among the most common malignant tumors of the 
gastrointestinal tract.

Cohort studies have shown that metabolic syndrome significantly increases the risk of developing liver 
cancer, colorectal cancer, and bladder cancer in men; in women, endometrial cancer, pancreatic cancer, 
postmenopausal breast cancer, rectal cancer, and colorectal cancer [4]. Metabolic synfrome significantly 
increases mortality from colorectal cancer: the hazard ratio in the population is 2.96, in men - 2.71 and 
women - 2.99. As known, colorectal cancer is the second most common cancer in the world. It was found 
that the risk of developing colorectal cancer increases in both men and women with type 2 diabetes, which is 
associated with the proliferation of colon cells caused by hyperinsulinemia and an increase in the level of free 
insulin-like growth factor (IGF1).

Currently, effective management of metabolic syndrome includes optimization of dietary patterns with 
increased intake of fruits and vegetables, reduction in intake of substances high in fat, salt and sugar, exercise 
and reduction in alcohol consumption [5]. The use of fructose-enriched foods is considered one of the 
main factors in the progression of metabolic syndrome due to the induction of oxidative stress, leading to 
hypertriglyceridemia, insulin resistance, and obesity.

Herbal medicines are considered with promising therapeutic effects on the regulation of blood glucose 
levels, lipid profiles and blood pressure, and act as alternative or additional agents in the treatment of 
metabolic syndrome. Fucoidans are one of the main fucose-rich polysaccharides isolated from Ascophyllum, 
Fucus, Laminaria, Undaria and other brown algae. In brown algae, fucoidans are found in the cell wall 
and extracellular structures in the form of transverse linkers between the main strands of cellulose and 
hemicellulose, contributing to the integrity of cells, maintaining cell hydration [6]. Fucoidans are defined as 
immunomodulators, anticoagulants, antiviral, antibacterial and antitumor agents [7]. As recommended by the 
International Union of Pure and Applied Chemistry, fucoidans is the term used to describe sulfated L-fucose-
based polymers, including sulfated fucans and other fucose-sulfated heteropolysaccharides. The smaller the 
molecular size of fucoidan, the greater its amount can enter the bloodstream from the gastrointestinal tract 
only due to pinocytosis [8].

The biological activity of fucoidan has been shown for immune modulation, inhibition of tumor cells, 
lowering blood lipids, treatment of age-related macular degeneration, antioxidant activity, antimicrobial 
properties, an antiviral vaccine adjuvant, etc. [9]. Fucoidan helps to restore the protective link of immunity, 
causing activation of neutrophils in neutropenia, which is associated with its positive effect in the fight against 
infectious diseases. It also has an immunostimulating effect on various types of immune cells, including 
macrophages and dendritic cells. Inhibition of α-glycosidase - is an effective approach in the treatment of type 
2 diabetes mellitus because of a decrease in glycemia due to a decrease in the rate of glucose entry from the 
intestine into the blood (inhibition of amylase), and an increase in the rate of its utilization [10].

Cells of the Lactococcus bacteria genus are an essential component of the microflora of fermented milk 
products and are classified as “Generally recognized as safe status”. Destruction of intracellular components 
of the Lactococcus bacteria genus, including DNA, while maintaining integrity of the cell wall leads to the 
formation of non-living bacterial spherical particles, consisting of the outer surface of peptidoglycan several 
layers. Therefore, the use of synbiotic polyfunctional compounds based on fermented milk products with 
fucoidan, lignin and bacterial-like particles of lactobacilli will contribute to the proliferation of enterocytes, an 
increase in the number of bifidobacteria, depleted in inflammatory diseases, and a decrease in proteobacteria.

Lignin is a highly branched structure consisting of a polyphenolic core with hydrophobic - aromatic and 
aliphatic rings, which ensures their antioxidant activity, prevention of tumor development, delayed absorption 
and a decrease in blood glucose concentration [11]. Lignophenols - lignin derivatives have an antioxidant 
effect, reduce macrophage activation and modulate renal changes in streptozotocin-induced diabetes. In 
addition to antioxidant and antidiabetic properties, lignins affect the secretion of apolipoprotein B and reduce 
serum cholesterol levels by binding to bile acids in the intestine, playing a role in the control of obesity.

Lactic acid bacteria are gram-positive non-spore-forming bacteria that use carbohydrates as their 
main source of energy and ferment them to form lactic acid. The group of lactic acid bacteria is formed 
by representatives of different species belonging to the genera Lactococcus, Lactobacillus, Streptococcus, 
Pediococcus, Leuconostoc, Bifidobacterium, etc. Bacteria of the genus Lactobacillus play an important role 
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in the immunomodulation of the intestinal mucosa, are effective against intestinal infections. Immune effects 
of probiotic bacteria are diverse and the type-specificity of cells depends on the strain.

The role of metabolic syndrome in the development of inflammation is not fully understood, since one 
of the mechanisms can be considered insulin resistance and, as a result, an increase in the production of 
cytokines, on the other hand, activation by the liver of C-reactive protein. Plasma C-reactive protein is an 
acute phase marker produced by hepatocytes, and its production is regulated by IL-6 and other inflammatory 
cytokines.

Therefore, in patients with metabolic syndrome, inflammatory markers are found: tumor necrosis factor-α 
(TNFα), interleukin-6 (IL-6), monocyte chemoattractant protein-1 (MCP-1/CCL2), CXCL16 and highly 
sensitive C-reactive protein.

Proinflammatory cytokines IL-1-β, IL-6, TNF-α are released and activate the formation of C-reactive 
protein, which is a nonspecific and sensitive marker of inflammation.

The proinflammatory cytokine TNF-α is secreted by visceral adipose tissue, and its elevated levels are 
associated with insulin resistance through its aberrant activation of the mTOR and PKC signaling pathways.

IL-6 is a procoagulant cytokine that affects the acute phase of inflammatory reactions, regulation of the 
function of B and T cells, secretion of immunoglobulins and hematopoiesis. Elevated levels of IL-6 are 
associated with a more severe development of metabolic syndrome, impairing the transfer of insulin to 
muscles and the liver, which leads to hyperglycemia and resistance to it [12].

One of the functions of IL-10 is post-inflammatory remodeling by inhibiting NADPH oxidase and 
antagonizing the action of IL-6 and TNF-α [13].

There are various forms of adiponectin: low molecular weight trimer, medium molecular weight hexamer, 
and high molecular weight, which is the more active form, and has the most beneficial metabolic effects on 
insulin sensitization and protection against diabetes. HMW-adiponectin acts as a biomarker for the diagnosis 
of metabolic syndrome. Promising in metabolic syndrome is the determination of the C3 complement system, 
its degradation product C3a-desarg (acylation-stimulating protein) [14].

The production of IL-22 is induced by some intestinal bacteria (probably bifidum and lactobacilli), which 
promotes epithelial cell proliferation, induction of antimicrobial drugs, and intestinal recovery after acute 
inflammation. IL-22 is also produced by neutrophils.

IGF-1 is a key hormone in the pathophysiology of metabolic syndrome and has structural homology with 
proinsulin. IGF-1 is also involved in the metabolism of carbohydrates and lipids; the half-life varies from 
several minutes to several hours, and acts through the specific receptor IGF-1R. IGF-1 is produced by the 
liver (≈75%), and locally in all tissues of the body, its availability is regulated by proteins that bind insulin-
like growth factor (IGFBP), which directs IGF-1 to certain tissues [15].

Metabolic syndrome is accompanied by higher levels of proinflammatory lipopolysaccharides from the 
intestinal microbiota into the bloodstream, which leads to the formation of metabolic endotoxemia, and 
entails dysfunction of insulin receptors, insulin resistance, and impaired glucose tolerance. And as a result, 
emergence of various metabolic disorders that act as risk factors for the development of type 2 diabetes and 
other diseases [16].

Prolonged stressful effects on the body under the conditions of the modern pace of life are typical, 
leading to the development of chronic sluggish inflammation, which is accompanied by an increased level of 
inflammatory and a decrease in anti-inflammatory adipokines and cytokines.

Results and  discussion. Of these studies can be used to develop a national screening program to identify 
the relationship between nutritional factors and biomarkers of the inflammatory process for early detection 
and introduction of corrective measures to prevent metabolic syndrome complications.

In patients with metabolic syndrome, combinations of various pathologies, which involve administration 
of several drugs, are noted. When taking medications, it is not always possible to achieve their synergistic 
action and prevent possible side effects. Effectiveness of many drugs can vary greatly in the presence of 
metabolic syndrome and due to the concomitant certain level of the inflammatory status of the body.  

In addition, there is a risk of potentially dangerous combinations arising from the multiple interactions 
of active and excipients of co-administered drugs. One of the directions for a rational approach to combined 
drug therapy is the development of new drugs that combine carefully selected combinations of several drugs 
potentiating each other and/or reducing side effects.

Routine laboratory tests often measure levels of alanine aminotransferase and uric acid, which can be 
risk factors for cardiovascular disease in metabolic syndrome. Determination of the levels of neutrophils and 
lymphocytes is mandatory when conducting a blood test; their ratio can be used to predict the development 
of metabolic syndrome.
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As an assessment of markers of the inflammatory process, it is necessary to include the determination 
of the levels of C-reactive protein, IL-6, IL-22, TNF-α, IGF-1. As an assessment of nutritional factors - 
determination of pro-inflammatory (carbohydrates, fats, proteins) and anti-inflammatory components of 
products (vegetables, fruits, fiber, polyfunctional compounds containing natural components). A national 
screening program for identification of the relationship between nutritional factors and biomarkers of the 
inflammatory process can be integrated with an international tool to assess the inflammatory potential of diet 
(Dietary Inflammatory Index, DII, 2009).

For the first time developed in this study, synbiotic polyfunctional compounds based on fermented milk 
products with fucoidan, lignin, and bacterial-like particles of lactobacilli open a whole line of researches on 
the development of combined drugs with different pharmacological activity based on natural materials.

In these studies, bacterial-like particles of lactobacilli, classified as prebiotics, will be obtained for the first 
time from national fermented milk products. Developed prebiotics (fucoidan and bacterial-like particles of 
lactobacilli), fiber (lignin) and created synbiotics based on them with fermented milk products will contribute 
to the restoration of functionally normal intestinal microbiota due to the fact that plant fibers are fermented 
by intestinal bacteria with the formation of short-chain fatty acids, exhibiting an anti-inflammatory effect, 
formation of biologically active metabolites from phenolic compounds, in particular flavonoids.

Potential consumers of the results will be the Department of Medical and Social Assistance for inclusion 
the priority markers of inflammation in screening studies of the Republic of Kazakhstan population. The 
developed synbiotic compounds based on fermented milk products with fucoidan, lignin and bacterial-like 
particles of lactobacilli as multifunctional products of a wide spectrum of action and the results of the studies 
performed can be fundamental for preventive medicine for prevention of metabolic syndrome complications. 
It can be argued that this project has a multiplier effect - obtaining new products, experimental substantiation 
of the inflammation markers inclusion in screening studies of the population for prevention of metabolic 
syndrome and its complications, as well as the development of a new direction in the search and development 
of multifunctional drugs based on natural components.

Conclusion.  As a result of the conducted analytical review, it can be argued that the introduction of 
inflammatory markers into the screening of the population, such as tumor necrosis factor-α (TNFα), 
interleukin-6 (IL-6), chemoattractant protein-1 of monocytes (MCP-1/CCL2), CXCL16 and highly sensitive 
C-reactive protein, will determine the probability of early detection of socially significant diseases, such as 
diabetes mellitus and cancer, and take the necessary preventive measures. This can be used to develop national 
programs for introduction of the specific markers of inflammation in the registry for screening the population 
with diagnosed metabolic syndrome in order to early detection of possible complications, including cancer.
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МЕТАБОЛИКАЛЫҚ СИНДРОМ ЖӘНЕ ОНЫ ТҮЗЕТУГЕ АДАМДАРҒА ХАЛЫҚ 
СКРИНГІНЕ ҚАБЫНУ МАРКЕРЛЕРІН ҚОСУ ҚАЖЕТТІГІ ТEРАЛЫ

Аннотация. Метаболикалық синдроммен инсулинге төзімділік дамиды, 2 типті қант диабеті, 
жүрек-қан тамырлары аурулары, аналық бездің поликистоз синдромы, гепатоз, астма және қатерлі 
ісіктің кейбір түрлері жоғарылайды. Бұл белгілердің болуы қант диабетінің асқыну ықтималдығын 
арттыруы мүмкін. Екінші типті қант диабетімен ауыратын ерлерде де, әйелдерде де колоректальды 
қатерлі ісік ауруының даму қаупі арта түсетіні анықталды, бұл гиперинсулинемиядан туындаған 
тоқ ішек жасушаларының көбеюімен және бос IGF1 инсулинге ұқсас өсу факторы деңгейінің 
жоғарылауымен байланысты. Қазақстандық тұрғындар арасында метаболикалық синдром белгілерінің 
өсу қарқынының жоғарылауына байланысты ерте диагностикалау, асқынулар маркерлерін анықтау 
және оның прогрессиясының алдын алу тетіктерін әзірлеу қажет. Өздеріңіз білетіндей, метаболикалық 
синдром – бұл орталық семіздікпен, гипертониямен, атерогенді дислипидемиямен, гипергликемиямен, 
протромботикалық және қабынуға қарсы жағдайлармен сипатталатын кардиометаболикалық қауіп 
факторларының жиынтығы. Метаболикалық синдромы бар науқастарда бірнеше патологияны 
қабылдауды қамтитын әртүрлі патологиялардың тіркесімі байқалады. Дәрі-дәрмектерді қабылдау 
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кезінде олардың синергетикалық әсеріне қол жеткізу және ықтимал жанама әсерлердің алдын алу 
әрқашан мүмкін емес. Сонымен қатар, бір мезгілде қолданылатын дәрілердің белсенді және қосалқы 
заттарының өзара әрекеттесуінен туындауы мүмкін қауіпті комбинациялар қаупі бар. Аралас дәрілік 
терапияға ұтымды көзқарастың бір бағыты - бір-бірін күшейтетін және/немесе жанама әсерлерді 
төмендететін бірнеше дәрілік заттардың мұқият таңдалған комбинацияларын біріктіретін жаңа дәрі-
дәрмектерді жасау.

Түйінді сөздер: метаболикалық синдром, қант диабеті, қабыну маркерлері, тоқ ішек.
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О НЕОБХОДИМОСТИ ВКЛЮЧЕНИЯ В СКРИНИНГ НАСЕЛЕНИЯ МАРКЕРОВ 
ВОСПАЛЕНИЯ ДЛЯ ЛИЦ С МЕТАБОЛИЧЕСКИМ СИНДРОМОМ И ЕГО КОРРЕКЦИЯ

Аннотация. При метаболическом синдроме происходит развитие резистентности к инсулину, 
возрастает риск развития диабета 2 типа, заболеваний сердечно-сосудистой системы, синдрома 
поликистоза яичников, гепатоз, астма и некоторые формы рака. Наличие перечисленных симптомов 
может повысить вероятность осложнения сахарного диабета. Установлено, что риск развития 
колоректального рака повышается как у мужчин, так и у женщин при СД 2 типа, что связано с 
пролиферацией клеток толстой кишки, вызванной гиперинсулинемией и повышением уровня 
свободного IGF1 инсулиноподобного фактора роста. В связи с нарастающими темпами возрастания 
среди казахстанского населения признаков метаболического синдрома возникает необходимось в 
ранней диагностике, определении маркеров осложений и разработке механизмов по предотвращению 
его прогрессирования. Как известно, метаболический синдром представляет собой совокупность 
кардиометаболических факторов риска, характеризующихся центральным ожирением, гипертонией, 
атерогенной дислипидемией, гипергликемией, протромботическими и провоспалительными 
состояниями. У пациентов с метаболическим синдромом отмечается сочетание различных патологий, 
что предусматривает прием нескольких препаратов. При приеме лекарственных препартов не всегда 
удается добиться их синергетического действия и предотвратить возможные побочные эффекты. 
Кроме того, возникает риск потенциально опасных комбинаций, возникающих в результате 
многообразных взаимодействий действующих и вспомогательных веществ совместно назначаемых 
препаратов. Одним из направлений по рациональному подходу к комбинированной медикаментозной 
терапии является разработка новых лекарственных средств, сочетающих в своем составе тщательно 
подобранные комбинации нескольких потенцирующих друг друга и/или уменьшающих побочные 
действия препаратов.

Ключевые слова: метаболический синдром, сахарный диабет, маркеры воспаления, толстый 
кишечник.
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29.09.1932 г.  - 16.09.2021 г.
Д.х.н., профессор  Нигметова Роза Шукургалиевна

Нигметова Роза Шукургалиевна, которая 18 лет была заведующей лабораторией сверхчистых 
металлов ИОКЭ НАН РК, а затем – главным научным сотрудником этой лаборатории. 

Нигметова Р.Ш. родилась 29 сентября 1932 г. В 1955 г окончила химический факультет Казахского 
Государственного Университета им. С.М. Кирова. В 1955-1958 г. училась в аспирантуре Института 
химических наук АН КазССР под руководством академика Козловского М.Т.  В 1958-1961 гг. - 
старший лаборант лаборатории аналитической химии. 1962-1966 гг. – младший научный сотрудник 
лаборатории амальгамной химии Института химических наук. 1966-1969.гг. - старший научный 
сотрудник лаборатории сверхчистых металлов  Института органического катализа и электрохимии АН 
КазССР. В 1980 г. Р.Ш. Нигметова возглавила эту лабораторию и посвятила ее работе и развитию всю 
жизнь, как крупный специалист в области физико-химии и термодинамики амальгамных систем. Р.Ш. 
Нигметова принимала участие в проведении внедренческих работ на свинцовом заводе им. Калинина, 
г. Чимкент. Диссертацию на соискание степени доктора химических наук «Термодинамические и 
физико-химические исследования жидких сплавов ртути с металлами II-V подгрупп периодической 
системы элементов» Р. Ш. Нигметова защитила в 1984 г. на ученом совете ИОКЭ, г. Алма-Ата.  Р.Ш. 
Нигметовой впервые проведено систематическое изучение термодинамических и физико-химических 
свойств двойных и тройных (22 системы) амальгамных систем с использованием большого количества 
физико-химических методов исследования. Изучены термодинамические свойства разбавленных 
жидких амальгам кадмия, индия, свинца, олова, висмута, цинка  при температурах 25-200оС. 
Установлена зависимость термодинамических и физико-химических свойств жидких амальгам от 
положения металлов в периодической системе элементов, что позволило прогнозировать свойства 
еще неизученных систем. На основании полученных термодинамических данных амальгамных 
систем установлены критерии поведения многокомпонентных амальгам в люминесцентных лампах. 
В 1992 г. Р.Ш. Нигметова получила звание профессора. Р.Ш. Нигметовой опубликовано около 200 
научных статей и подготовлено совместно с д.т.н. Козиным Л.Ф. 7 кандидатов химических наук. Р.Ш. 
Нигметова работала ученым секретарем диссертационного совета ИОКЭ. Коллеги сохранили о ней 
память, как о принципиальном ученом и отзывчивом человеке.

Сотрудники и коллеги.

MEMORY OF SCIENTISTS
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