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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 B-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 a-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-a
(TNFa), interleukin-6 (IL-6), monocyte chemoattractant protein-1 (MCP-1/CCL2), CXCL16 and highly
sensitive C-reactive protein.

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

The proinflammatory cytokine TNF-a 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-a [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. HM W-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, 1L-6, IL-22, TNF-a, 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-a (TNFa),
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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METABOJIUKAJIBIK CUHAPOM KOHE OHbI TY3ETYT'E AJAMJIAPT A XAJIBIK
CKPUHI'THE KABBIHY MAPKEPJIEPIH KOCY KAJKETTII'T TEPAJIbI

AHHoOTanusa. MeTaOoMMKaNbIK CHHAPOMMEH HHCYJIWHTEe TO3IMIUIIK JaMUbl, 2 THUNTI KaHT IualeTi,
KYPEK-KaH TaMbIpJIapbl aypylapbl, aHAIBIK O€37[iH MOJHUKHUCTO3 CHHIPOMBI, TEMaro3, acTMa JKOHE KaTepii
ICIKTIH Ke#Oip Typrepi xorapbliaiael. by Oenrinepai 00mysl KaHT IUA0ETiHIH aCKbIHY BIKTUMAJIBIFbIH
apTTBIPYbl MYMKiH. EKiHIIN THUNTI KaHT AMA0ETIMEH aybIpaThiH epiepie Je, dienaepae 1¢ KOIOPEKTabbl
Karepii iCik aypybIHBIH JaMy KayIli apTa TYCETiHi aHBIKTaJJbI, Oy TUTIEPUHCYIMHEMUSIAH TYBIH/IaFaH
TOK iIIEK XacylanapblHbIH KeOetoiMeH >koHe Ooc IGF1 wmHcynuHre ykcac ecy (akTopbl AeHreiiHiH
JKOFapblIaybIMEeH OalTaHbICThl. Ka3akcTaHabIK TYPFBIH/IAP apachlHIa META0OTUKAIIBIK CHHIPOM OemriiepiHin
6Cy KApKbIHBIHBIH JKOFapbUIayblHA OANIaHBICTHI €PTEC JTUATHOCTHKAIAY, ACKBIHYJIAp MapKepJepiH aHBIKTAY
YKOHE OHBIH ITPOTPECCUSCHIHBIH aIJIBIH Ty TETIKTEPIiH d3ipIiey KakeT. O3/1epiHi3 OineTiHae, MeTadoINKaIIbIK
CHHJIPOM — OYJT OPTANIBIK CEMI3IIKIIEH, THIIEPTOHUSIMEH, aTePOTCH/TI TUCITUTTHICMUSIMEH, THITEPIITMKEMHUSIMEH,
MPOTPOMOOTHKANIBIK JKOHE KAObIHYyFa KapChl »KaFaallapMeH CHUMATTANIAThIH KapJHOMETa0O0THKAIIBIK Kayir
(aKTOpIaAPBIHBIH KHUBIHTHIFBL. MeETa0ONUKANBIK CHHAPOMBI Oap HaykacTapia OipHeNIe MaToNOTHUSHBI
KaOBbUTAAYMbl KAMTUTBIH OPTYPIIi MATONOTHSIIAP/BIH TipkeciMi Oalikamanbl. Jlopi-mopMekrepai kaObuiaay
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KE31HJIC OJIAPJIbIH CHHEPTETHKANBIK dCepiHe KO JKETKi3y MOHE BIKTUMAJI YKaHama dCepIepAiH ajJiblH aly
opkamiaH MyMKiH emec. COHBIMEH Karap, Oip Me3TuIe KOIIaHbIIAThIH JopilepIiH OeICceH Il )KoHe KOCAIKBI
3aTTapbIHBIH ©3apa OPEKeTTEeCyiHeH TYBIHIAaybl MYMKIH KayilTi KOMOMHANMsIAp Kayri O0ap. Apanac nopiiik
TepanusFa YThIMIBI KO3KapacTblH Oip OarbIThl - Oip-OipiH KYLICHTETiH >KoHEe/HeMece >KaHaMa acepiepii
TOMEHJICTETIH OipHeIIe JOPiTiK 3aTTapIbIH MYKUAT TaHIaJIFaH KOMOWHAIMSIIAPBIH OIpIKTIPETIH jKaHa Jopi-
JIOPMEKTEp/Ii JKacay.

Tyi#iinai ce3mep: MeTabOIMKAIIBIK CHHIPOM, KaHT AUa0eTi, KaObIHY MapKepIepi, TOK iIlex.
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O HEOBXOIUMOCTHU BKVIIOYEHUSA B CKPUHUHI" HACEJIEHUSA MAPKEPOB
BOCHAJIEHUA JJ1A JIML C METABOJIMYECKUM CUHAPOMOM U EI'O KOPPEKIIUA

AnHoTranus. [Ipn MeTabonnyeckoM CHHIPOME MPOUCXOIUT PA3BUTHE PE3UCTEHTHOCTH K HHCYJIHMHY,
BO3pacTaeT PUCK pa3BUTH auabera 2 Tura, 3a00J€BaHUM CEPACYHO-COCYAMCTONH CHCTEMBbI, CHHIPOMA
MOJMKHUCTO3a SIMYHUKOB, TeMaTo3, aCTMa U HEKOTOpble popMbl paka. Hamuuue nepedrcaeHHbIX CUMIITOMOB
MOXET IIOBBICUTH BEPOSITHOCTH OCJOKHEHMS caxapHOro naualera. YCTaHOBICHO, YTO PHUCK pa3BUTHS
KOJIOPEKTAJILHOTO paka IMOBBIIIACTCS KaK y MYXUYHH, Tak M y keHmuH npu CI 2 Tuma, 4To CBS3aHO C
nponudepanvedl KIETOK TOJCTOM KHUIIKH, BBI3BAHHOW THMICPUHCYJIMHEMHEH W MOBBILICHHMEM YPOBHS
cBoboxnHoro IGF1 nncynunononoOHoro aktopa pocra. B cBf3u ¢ HapacTalOMKMMU TEMIIaMU BO3PACTAHUS
Cpein Ka3axCTaHCKOIO HACEJICHUS! MPU3HAKOB META0OIMYECKOTO CHHIPOMa BO3ZHMKAET HEOOXOAMMOCH B
paHHEel TUarHOCTHKE, OTNPEICICHUH MapKepOB OCIOKEHUH 1 pa3paboTke MEXaHU3MOB 110 IPEI0TBPAILLCHUIO
ero mporpeccupoBanus. Kak HM3BecTHO, METa0OJIMYECKUH CHHIPOM MPEACTABISIET COOOH COBOKYITHOCTh
KapIuOMeTa00IMYeCKUX (PaKTOPOB PUCKA, XapPaKTECPU3YIOLUIUXCS LEHTPAIbHBIM O)KUPEHUEM, THIIEPTOHUCH,
aTepOreHHOM IUCIUNMAEMHUEH, THIEPIIIMKEMUEeH, NPOTPOMOOTHYECKMMH U NPOBOCHAIUTEIbHBIMU
COCTOSTHUSIMHU. Y MAIMEHTOB C META0OJIMUECKUM CHHIPOMOM OTMEUAETCs COUETAaHUE Pa3IMUHBIX MATOJIOTHH,
YTO MpelycMaTpuBaeT INPUEM HECKOJIBbKUX TpenaparoB. [lpu npueme eKkapcTBEHHBIX NMPENAPTOB HE BCETna
yAaeTcst 1OOUTbCS X CHHEPreTHYECKOTO NCHCTBUS M NMPENOTBPATHTH BO3MOXKHBIE MOOOUHBIEC A(PQEKTHI.
Kpome Toro, BO3HHMKaeT PHUCK NOTCHUUAJIbHO ONACHBIX KOMOHMHAILMH, BO3HMKAIOIIMX B pE3yJbrare
MHOT000pa3HbIX B3aMMOJCHCTBUM JEHCTBYIOMIMX U BCIOMOIAaTENbHBIX BEIIECTB COBMECTHO Ha3HAYaeMbIX
npenaparoB. OIHUM U3 HAIIPABJICHUH [0 PALMOHAIILHOMY TOAX0LY K KOMOMHUPOBAaHHOM MEeIMKaMEHTO3HON
TEpanuH SIBISIETCS pa3padOTKa HOBBIX JIEKAPCTBEHHBIX CPEICTB, COUCTAIOLIMX B CBOEM COCTAaBE TLIATEIILHO
nogoOpaHHble KOMOMHALMY HECKOJIBKUX MOTCHUUPYIOIIUX APYT ApPYra W/WIM YMEHBIIAIOMIHX MOOOYHBIC
NeCTBUSI IPENaparoB.

KiroueBble cjioBa: MeTabOMMUECKUN CHHAPOM, CaxapHbI JUa0eT, MapKepbl BOCHAJICHMS, TOJCTHIN
KHULICYHUK.

Information about authors:

Aitynova A.E. — 2-nd year master science student, Al-Farabi Kazakh National University, Almaty,
Kazakhstan; araykal997@mail.ru; https://orcid.org/0000-0001-7552-0260;

Ibragimova N.A. — Candidate of Biological Sciences, Scientific Center for Anti-Infectious Drugs, Almaty,
Kazakhstan; nailya.73@mail.ru; https://orcid.org/0000-0001-7288-1917;

Shalakhmetova T.M. — Doctor of Biological Sciences, Professor, Al-Farabi Kazakh National University,
t shalakhmetova@mail.ru; https://orcid.org/0000-0001-6724-9810.

REFERENCES
[1] Podell B.K., Ackart D.F., Richardson M.A., DiLisio J.E., Pulford B., Basaraba R.J. (2017) A model
of type 2 diabetes in the guinea pig using sequential diet-induced glucose intolerance and streptozotocin
treatment. Dis. Model Mech., vol.10, no 2, pp. 151-162.
[2] Everard A., Cani P.D. (2013) Diabetes, obesity and gut microbiota. Best Pract Res Clin Gastroenterol.,
vol. 27, pp. 73-83.

124



Reports of the Academy of Sciences of the Republic of Kazakhstan

[3] Ishii M., Araki S., Goto M., Yamamoto Y., Kusuhara K. (2016) CCL2 level is elevated with metabolic
syndrome and CXCL10 level is correlated with visceral fat area in obese children. Endocr. J., vol. 63, pp.
795-804.

[4] Esposito K., etal. (2012) Metabolic syndrome and risk of cancer: a systematic review and metaanalysis.
Diabetes Care., vol 35, pp. 2402-2411.

[5] Grundy S.M. (2016) Metabolic syndrome update. Trends in Cardiovascular Medicine.,vol. 26, no.4,
pp. 364-373.

[6] Zayed A., Dienemann C., Giese C., Kramer R., Ulber R. (2018) An immobilized perylene diimide
derivative for fucoidan purification from a crude brown algae extract. Process Biochem., vol. 65, pp. 233-238.

[7] Citkowska A., Szekalska M., Winnicka K. (2019) Possibilities of Fucoidan Utilization in the
Development of Pharmaceutical Dosage Forms. Mar Drugs., vol. 17, no.8, pp. 458.

[8] Deniaud-Bouét E., Hardouin K., Potin P., Kloareg B., Hervé C. (2017) A review about brown algal
cell walls and fucose-containing sulfated polysaccharides: Cell wall context, biomedical properties and key
research challenges. Carbohydr. Polym., vol.175, pp. 395-408.

[9] Luthuli S., Wu S., Cheng Y., Zheng X., Wu M., Tong H. (2019) Therapeutic Effects of Fucoidan: A
Review on Recent Studies. Mar. Drugs., vol.17, pp. 487.

[10] Shan X., Liu X., Hao J., Cai C., Fan F., Dun Y., Zhao X., Liu X., Li C., Yu G. (2016) In vitro and in
vivo hypoglycemic effects of brown algal fucoidans. /nt. J. Biol. Macromol., vol. 82, pp. 249-255.

[11] Hasegawa Y., Kadota Y., Hasegawa C., Kawiminami S. (2015) Lignosulfonic acid-induced inhibition
of intestinal glucose absorption. J. Nutr. Sci. Vitaminol., vol. 61, pp. 449-454.

[12] Aroor A.R., McKarns S., Demarco V.G., Jia G., Sowers J.R. (2013) Maladaptive immune and
inflammatory pathways lead to cardiovascular insulin resistance. Metabolism: clinical and experimental.,
vol. 62, pp. 1543-1552.

[13] Falahi E., Khalkhali Rad A.H., Roosta S. (2013) What is the best biomarker for metabolic syndrome
diagnosis? Diabetes & metabolic syndrome., vol.9, no.4, pp. 366-372.

[14] Zindl C.L., Lai J.F., Lee Y.K., Maynard C.L., Harbour S.N., Ouyang W., Chaplin D.D., Weaver C.T.
(2013) IL-22-producing neutrophils contribute to antimicrobial defense and restitution of colonic epithelial
integrity during colitis. Proceedings of the National Academy of Sciences of the United States of America.,
vol.110, pp. 12768-12773.

[15] Shivappa N., Steck S.E., Hurley T.G., Hussey J.R., Hebert J.R. (2013) Designing and developing a
literature-derived, population-based dietary inflammatory index. Public Health Nutr., vol.17, pp. 1689-1696.

[16] Andersen C.J., Fernandez M.L. (2013) Dietary strategies to reduce metabolic syndrome. Rev. Endocr.
Metab. Disord., vol.14, pp. 241-254.

125



MEMORY OF SCIENTISTS

29.09.1932 r. -16.09.2021 r.
J.x.H., npoeccop Hurmerona Poza Lllykypraiuesna

HurmeroBa Poza IllykypramueBHa, kotopas 18 meT ObLia 3aBeAyromIel JrabopaTopueil CBEPXYMCTHIX
metamoB MOKD HAH PK, a 3atem — maBHBIM Hay9HBIM COTPYIHHUKOM 3TOH T1a00paTOpHH.

Hurmerosa P.I1I. pomunack 29 centaopst 1932 1. B 1955 r okonumnna xumudeckuit paxynsrer Kazaxckoro
TocynapcrBennoro Yuusepcutera um. C.M. Kupopa. B 1955-1958 r. yuunace B acnupantype MHcTuTyTa
xumuyeckux Hayk AH Ka3CCP mon pykoBoxnctBom akanemuka Kosznosckoro M.T. B 1958-1961 rr. -
cTapmuii 1abopaHT JabopaTopuy aHATMTHIECKON XuMHH. 1962-1966 TT. — MIaAmuil HAyIHBIH COTPYIHUK
nabopaTopuu amManbraMHoOW XUMUU MHCTHTyTa XUMHUYecKHX HayK. 1966-1969.rr. - crapmmii HaydHBIH
COTPY/AHUK J1a00paTOPUU CBEPXUYHUCTHIX METaJUIOB VHCTUTYyTa OpraHU4ecKoro Karaiusa 1 anekrpoxumun AH
Ka3CCP. B 1980 r. P.I1I. HurmeroBa Bo3mitaBmia 3Ty J1a00OpaTOpHUIO U MOCBATHIIA €€ paboTe U Pa3BUTHIO BCIO
KH3Hb, KAK KPYIHBIH CIIEUAIUCT B 00JIACTH (PU3UKO-XMMHUH U TEPMOANHAMMKH amMajibraMHbIx cuctem. P11
HurmeroBa npuHrMaa ydyacTye B IPOBEACHUH BHEIPEHUYECKUX PadOT Ha CBUHLIOBOM 3aBozae UM. Kannnuna,
. UuMkeHT. JluccepTannio Ha COUCKaHME CTENEHU JIOKTOpa XMMHUYECKHX HayK «TepMoguHamMuueckue u
(U3UKO-XMMHUYECKHIE HCCIEIOBAaHNS )KUAKUX CIUIABOB PTYTH ¢ MeTaiuiamu [I-V moarpynn nepuonuueckoi
cuctemsl 3nemenToB» P. III. Hurmerona 3anmutiiia B 1984 r. Ha yueHom cosere MOKD, . Anma-Ara. P.II.
HurmeTtoBoii BriepBble IPOBEAECHO CUCTEMATUYECKOE N3YUEHUE TEPMOIUHAMUYECKUX U (PU3NKO-XUMHUYECKHX
CBOMCTB JIBOWHBIX M TPOHHBIX (22 cHCTEMBI) aMaJIbTaMHBIX CUCTEM C UCIIOIb30BaHUEM OOJIBIIOTO KOJUYECTBA
(U3UKO-XMMHUYECKUX METOJOB HcCcienoBaHus. V3ydeHbl TepMOOMHAMHYECKUE CBOMCTBA pa30aBICHHBIX
KUJKUAX aMalibraM KaJMMs, WHOUSl, CBUHIIA, OJIOBA, BUCMYTAa, LMHKAa Ipu Temmeparypax 25-200°C.
YcraHoBIEHA 3aBHCUMOCTh TEPMOJMHAMHUYECKUX M (PU3MKO-XMMHUYECKHUX CBOWMCTB JKUAKHMX aMallbl'aM OT
MOJIOKEHHUS METAJIOB B IEPHOAMYECKON CHUCTEME 3JIEMEHTOB, YTO MO3BOJMJIO NMPOrHO3MPOBATh CBOICTBA
elle HEeM3yYeHHbIX cHUcTeM. Ha OCHOBaHMH MNOJIyYEHHBIX TEPMOAMHAMHMYECKHX IaHHBIX amajiblaMHBIX
CHCTEM YCTaHOBJICHBI KPUTEPHHU MOBEJCHNUS MHOTOKOMIIOHEHTHBIX aMajblaM B JJIOMUHECLEHTHBIX JIaMIlax.
B 1992 1. P1I. HurmeroBa momyumia 3Banue npodeccopa. P.II. Hurmerooit omybmmukoBano oxono 200
Hay4yHBIX CTaTei U MOATOTOBJIECHO COBMECTHO C I.T.H. Kozunbim JI.®. 7 kanauaaroB xumuueckux Hayk. P.III.
HurmeroBa paborana ydeHbIM cekpeTapeM aucceprarmonHoro copera MOKD. Komnern coxpanunm o Heit
aMsITh, KaK O MPUHLIUIINAIBHOM YYCHOM U OT3bIBUNBOM UEIIOBEKE.

CoTpyasHMKH U KOJLJIeTH.
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