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RESUMO

O artigo é dedicado aos resultados do teste de micronucleos em duas ragas autdctones bem conhecidas da
Federacao Russa e da Republica do Cazaquistdo: Romanov e Edilbay. Nas ovelhas Romanov, as maiores taxas
de ocorréncia de micronucleos foram encontradas em cordeiros (8,7 £ 0,9), depois em ovelhas produtivas (5,6
0,03 %o) e ovinos (4,8 + 0,3 %o). A raca Edilbay apresenta diferencas nos resultados da analise de micronucleos nos
eritrocitos, os quais sao mais pronunciados nos dois tipos da mesma raga: "Birlik" e "Suyunduk”. A coudelaria "Birlik"
esta localizada nos Urais, na regido oeste do Cazaquistdo. Ovelhas Edilbay da raca Suyunduk s&do criadas na
coudelaria "Makash", na regido (dblast) de Atyrauz, na Republica do Cazaquistao, localizada préximo ao local de
teste nuclear de Azgir. A diferenga no teste de micronucleos deve-se ao fato de que as ovelhas Suyunduk serem
expostas a fatores de estresse ambiental devido a proximidade de locais com alto nivel de contaminagéo por
radionuclideos. O efeito constante da selecdo natural promove a reprodugdo de animais com maior resisténcia a
fatores de estresse ambiental. Isso explica a baixa ocorréncia de células com anormalidades citogenéticas em
ovelhas do tipo "Suyunduk" Edilbay. Esse tipo tem maior potencial de adaptagéo a condigbes desfavoraveis de
reproducao do que as ovelhas da raga Edilbay Birlik. Um alto nivel de indicadores de teste de micronucleos nas
ovelhas Romanov esta associado as caracteristicas do sexo e faixas etarias, bem como a carga ambiental das
condigbes climaticas na Russia Central. A classificagdo dos micronicleos é proposta. Acredita-se que os
micronucleos grandes e médios sejam formados sob a influéncia de varios mutagénicos no corpo, causando uma
grande divisdo de cromossomos individuais na metafase e na anafase. Pequenos micronucleos indicam uma
diminuigc&o na viabilidade celular potencial.

Palavras-chave: ovelhas, eritrécitos, estresse ambiental, distirbios citogenéticos.
ABSTRACT

The article is devoted to the results of the micronucleus test in two well-known autochthonous sheep breeds
of the Russian Federation and the Republic of Kazakhstan: Romanov and Edilbay. In Romanov sheep, the highest
rates of micronucleus occurrence were found in lambs (8.7 + 0.9 %o), than in producing rams (5.6 + 0.03 %o) and
ewes (4.8 £ 0.3 %o). The Edilbay breed has the differences in micronucleus test results in erythrocytes are most
pronounced between two intrabreed types: “Birlik” and “Suyunduk”. The breeding plant “Birlik” is located in the Ural,
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the West Kazakhstan region. “Suyunduk” type of Edilbay breed sheep are raised in the breeding plant “Makash” in
the Atyrauz region of the Republic of Kazakhstan, located near the Azgir nuclear test site. The difference in the
micronucleus test is due to the fact that sheep of the “Suyunduk” type are exposed to environmental stress factors
due to the proximity of places with high levels of radionuclide contamination. The constant action of natural selection
contributes to the reproduction of animals with increased resistance to environmental stress factors. This explains
the low occurrence of cells with cytogenetic abnormalities in sheep of the “Suyunduk” Edilbay breed sheep type.
This type has a higher potential for adaptation to adverse breeding conditions than the Birlik type of Edilbay breed
sheep. The high level of micronucleus test indicators in sheep of the Romanov breed is associated with the
peculiarities of gender and age groups, and also the environmental stress of climatic conditions in Central Russia.
A classification of micronucleus is proposed. It is believed that large and medium-sized micronucleus are formed by
the action of various mutagens on the body, causing a large in the division of individual chromosomes in metaphase
and anaphase. Small micronucleuses indicate a decrease in potential cell viability.

Keywords: sheep, red blood cells, environmental stress, cytogenetic abnormalities.

AHHOTALUA

CraTbsl nocesleHa pesynbTataMm MUKPOSIAEPHOrO TecTa Yy OBYX M3BECTHbIX aBTOXTOHHbLIX MOPOA OBeL,
Poccuinckon depepaumm n Pecnybnukm KasaxcTaH: pomMaHOBCKOM M 3aunbbaeBckon. Y OBeL pOMaHOBCKON
nopoAbl CaMble BbICOKME MoKasaTenyu BCTPEYaeEMOCTU MUKPOSAP Obinn 0GHapyXeHbl y arHar (8,7 £ 0,9,), 3atem y
6apaHoB-npounssogutenen (5,6 £ 0,03 %) n oeuematok (4,8 £ 0,3 %). SgunbbaeBckas nopoda MMEET pasnuyuns B
pesynbTaTtax aHanMsa MUKPOsiAP B 3pUTpoLMTax, KOTopble Hanbonee BbipaKeHbl Y ABYX BHYTPUMNOPOAHBLIX TUMOB:
«Bupnnk» n «CytoHayky». TnemeHHon 3aBog «Bupnuk» pacnonoxeH Ha Ypane, B 3anagHo-KasaxcTtaHckon
obnactn. Oey agunbbaesckon nopodbl Tuna «CyloHOyK» pas3BogAT Ha nnemeHHoM 3aBoge «Makaw» B
ATtblpay3ckon obrnactn Pecnybnukn KasaxctaH, pacnonoXeHHOM Hefaneko oT A3rMpcKoro sioepHoro nonmroHa.
PasHyua B MUKPOSIOEPHOM TECTe CBsi3aHa C TeM, YTO oBUbl Tuna «CyloHAOyK» NoaBepeHbl dpakTopam cTpecca
OKpyxatoLlen cpefbl M3-3a ONM30CTM K MecTam C BbICOKMM YPOBHEM PAOMOHYKIMMOHOIO 3arpsaAsHeHust. 370
CMOCOOCTBYET Pa3MHOXEHMIO KMBOTHBIX C MOBLILIEHHOW YCTOMYMBOCTLIO K (hpakTopaM CTpecca OKpyKatoLlen
cpefbl, YTO OOBSCHHAET HM3KYH BCTPEYAEMOCTb KIMETOK C LMTOTEHETMYECKMMM aHOManusiMu y OBel, Tuna
«CytoHayk» agunbbaeBckor nopodbl. ATOT Tvn obnagaeT Gonee BbICOKMM MOTEHUMANoM Ans agantauum K
HebnaronpusATHBIM  YCIOBUSAM PasMHOXEHWs, 4YeM OBUbl Tvna «Bupnuk». BbICOKMN ypOBEHb MOKa3aTenen
MUKPOSIZEPHOro TecTa y OBEL, POMaHOBCKOW MopoAbl CBA3aH ¢ OCOOEHHOCTSIMM MOOBOWM M BO3PaCTHOW rpynm, a
TakKe C IKOMOMMYEeCKOM Harpyskon KnumaTtudeckux ycrnosun B LleHTpanbHon Poccuun. [pegnoxeHa
Knaccudpmkaums Mukposigp. CumtaeTtcsi, 4TO KpynHble W cpegHve Mukposiapa obpasyloTcs nog OericTBUeM
pasnuyHbIX MyTareHOB Ha OpraHu3M, BbidblBas OOmbLLOE AerieHre OTAerNbHBIX XPOMOCOM B MeTadhase 1 aHadase.
Mernkre MyKposiapa yKasblBatOT Ha CHUXKEHME NOTEHUMANbHOM XN3HECTIOCOBHOCTM KIETOK.

KnroueBble croBa: 08Ubl, 3pumpoyumsl, 3KOJI02u4ecKull cmpecc, yumoaeHemu4yeckue HapyuwieHUs.

1. INTRODUCTION and Trofimov, 2017; Kolosov et al., 2017;
Mukhametzharova et al., 2018). Cytogenetic

Bioindication, as an integral part of homeostasis can be studied using a micronucleus
biomonitoring, has developed as a methodology test, the essence of which is to calculate the
for scientific research, and this is especially number and volume of cells with micronuclei

important since today, consequence of scientific (Shapiro et al., 2003; Astafieva, 2017; Gulden
and techno|ogica| progress have become an Yilmaz and GU|,2017, Monte et a|,2019, Sabbioni

objective reality (Gorovtsov et al, 2017; etal,2018; Maass etal., 2018; Wuetal., 2019).
Jiyenbekov et al., 2018; Minakova et al., 2018; The micronucleus test is one of the
Hodov et al., 2019). The use of methods based on  methods for determining substances that exhibit
morphogenetic  indicators of developmental genotoxic effects on the body (Hristova et al.,
stability and cytogenetic homeostasis are a 2017: McAllister et al., 2017; Luijten et al., 2018;
promising direction since they meet practically all |, ¢t 5], 2018). Literary data indicate that the
the requirements of biomonitoring (Udroiu, 2007 micronucleus test is not inferior, and sometimes
Udroiu and Sgura, 2017; Bakhtiar et al., 2017, Cox  gyen exceeds the chromosomal aberration tests in
etal., 2019; Belhadj Slimen et al., 2019). terms of informativeness and efficiency (llinskikh

Morphogenetic indicators characterize the €t al., 2011; Sabbioni et al., 2019). The
level of cytogenetic stability of an individual Micronucleus test developed by W. Schmid
organism and can form its phenotype under the (Schmid, 1975). It is based on using in vivo bone
conditions of a specific environment (Zakharov, marrow cells of higher vertebrates, fish, and
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amphibians as biomarkers (Albarella et al., 2019;
Zaja et al., 2019). However, in recent years, it has
been replenished with a number of new
techniques (analysis of micronuclei obtained by a
block of cytokinesis, analysis of rodent
erythrocytes micronuclei, and other similar
techniques) that cover animal and plant cells, as
well as various types of smear staining (Schmid,
1975; Fenech, 2000; llinskikh et al., 2011;
Astafieva et al., 2015; Hayashi, 2016; Wilde et al.,
2017; Afusat et al., 2017; Arieli, 2017; Dossybayev
et al., 2019).

2. MATERIALS AND METHODS

Peripheral blood samples for research
were taken from 69 sheep of two breeds:
Romanov and Edilbay. Sheep (n=35) belonged to
the Romanov breed were taken from breeding
plants Yaroslavl region. The Edilbay breed was
represented by two interbreed types: “Birlik” (n =
16) and “Suyunduk” (n = 18) from the breeding
plant “Volgograd—Edilbay” Volgograd region. This
farm purchased sheep of the “Birlik” type from the
“Birlik” breeding enterprise of the West
Kazakhstan region, and “Suyunduk” from the
“‘Makash” of the Atyrauz region the Republic of
Kazakhstan. Blood from the jugular vein was taken
in tubes with a 0.5% EDTA solution. Smears were
made on glass slides, thoroughly washed and
degreased using a mixture of Nikiforov (a mixture
of equal volumes of ethyl alcohol and anhydrous
sulfuric ether; It is used for fixing blood products,
bacterial preparations and organ prints).

To count erythrocytes with micronucleus, a
drop of peripheral blood was diluted with the
physiological solution (1:1), and smears were
prepared on the glasses, which were fixed with
methyl alcohol and dried at room temperature.
Smears were stained using the Pappenheim
method using Mai-Grunwald and Giems solutions
(Romejs, 1953; Sarkisov and Perov, 1996;
Tabecka-Lonczynska et al., 2019; Younas et al.,
2013).

Red blood cells with micronuclei were
counted for each test animal in 37 workers. In each
field, approximately 80 erythrocytes were found,
which is 3000 cells. For the convenience of
analysis, the total figure was divided by three. The
results are presented per 1000 cells. The obtained
data were expressed in ppm (%o) — the ratio of the
number of erythrocytes with micronucleuses to the
total number of cells counted. Cell analysis was
carried out using a Motic binocular microscope
with a built-in digital camera (DMBA300), an
increase of 1000 (Astafieva et al., 2015; Astafieva,

2017).

The statistical significance of differences in
the frequencies of cytogenetic anomalies between
breeds and groups of animals was evaluated by
Student's t-test. A difference of P<0.05 and more
were considered statistically significant (Glanc,
1999).

3. RESULTS AND DISCUSSION:

The results of the micronucleus test on the
Romanov breed of sheep are presented in Table
1. It was found that the highest rates of occurrence
of micronucleuses were detected in lambs (8.7
0.9), thenin rams (5.6 + 0.03 %o), and in third place
were ewes (4.8 £ 0.3) (Table 1).

There is a significant difference in
micronucleus dough between rams and ewes (P <
0.01) and between adult groups of animals and
young animals (P < 0.01), which may be due to the
rigid selection of producers for the tribe and age
since blood was taken from old sheep. We believe
this is due to the relative immaturity of the cellular
component of the immune system in lambs, which
is responsible for the elimination of red blood cells
with micronucleus. Our results for young animals
confrm the data on the increased level of
micronucleus in comparison with adults. Two
interbreed types of Edilbay breed “Birlik” and
“Suyunduk” were studied in comparison with the
obtained materials on Romanov breed (Table 2).

The differences in the results of the
micronucleus test in erythrocytes are most
pronounced between different interbreeding types.
In the Edilbay sheep breed “Birlik” type, the
frequency of occurrence of erythrocytes with
micronucleus (4.6 £ 0.3) was higher compared to
“Suyunduk” sheep type (3.5 + 0.2). According to
the presented data, it is clear that the frequency of
occurrence of erythrocytes with micronucleus in
individuals of the Romanov breed (5.8 + 1.18 %o)
is even higher than that of interbreeding types of
the Edilbay breed. The reason for the
differentiation of the “Suyunduk” and “Birlik” sheep
breed types may be that the breeding plants were
located in different environmental conditions. The
breeding plant “Birlik” is located in the Ural region,
in the West Kazakhstan region.

The “Suyunduk” type of Edilbay sheep
breed were descended from the breeding plant
.,Makash” in the Atyrauz region of the Republic
Kazakhstan. The breeding plant "Makash" is
located next to the well-known Azgir nuclear test
site of the Volgograd region Russian Federation.
The observed micronucleus differentiation is due
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to the fact that sheep of the “Suyunduk” Edilbay
sheep breed type were subjected to constant
environmental stress factors due to the proximity
of their breeding sites to the region with high levels
of radionuclide contamination (Astafieva et al.,
2015; Astafieva, 2017).

The chronic action of natural selection
contributes to the reproduction of animals with
increased resistance to environmental stress
factors. This probably explains the relatively low
frequency of occurrence of cells with cytogenetic
abnormalities in animals of “Suyunduk” Edilbay
sheep breed type. The “Suyunduk” type of Edilbay
sheep breed has a higher potential for adaptation
to unfavorable breeding conditions than the “Birlik”
type, which is the result of the action of natural
selection in generations. As for the high level of
performance in Romanov sheep along with the
characteristics of gender and age groups, the
environmental stress of the climatic conditions of
Central Russia is possible. Thus, the micronucleus
test is one of the methods for determining the
influence of substances that exhibit genotoxic
effects on the body. Microkernels are fragments of
the nucleus in eukaryotic cells that do not contain
the complete genome necessary for its survival
(Figures 1 and 2).

The size of micronucleus depends on the
reasons underlying their formation. It is believed
that large and medium micronucleus are formed
by the action of various mutagens on the body,
which causes a large in the division of individual
chromosomes in metaphase and anaphase. At the
same time, small micronucleuses indicates a
decrease in the potential viability of cells
(Figure 3).

4. CONCLUSIONS:

As a result of the study, in accordance with
the sizes of micronucleus and the forms of their
occurrence, a classification consisting of 5 points
was proposed. When determining the size of a
micronucleus, they proceeded from the average
size of the normoblast core, averaging 1.5
microns. The classification includes the presence
of five types of occurrence of micronucleus in the
cell:

1. The first type is one or several large
micronuclei in erythrocytes, up to 1/4 the size of an
average normoblast nucleus.

2. The second type is one micronucleus in
the erythrocyte, ranging in size from 1/15 to 1/10
of the average size of the normoblast core.

3. The third type is one small micronucleus

in the erythrocyte, 1/40 of the average size of the
normoblast nucleus.

4. The fourth type — micronucleus, which
are several small formations, in an amount from 2
to 10 pieces, the size of a microkernel of the 2nd
and 3rd types, i.e., from 1/40 to 1/ 15— 1/10 of the
average size of the nucleus of a normoblast.

5. The fifth type is when both large and
small micronucleuses are detected simultaneously
in the studied red blood cells.

In the studied blood smears of sheep of two
breeds, the Romanov and Edilbay, mainly large
micronucleus were found. Most often, large
micronucleus were one in a red blood cell, less
often two. Small micronucleus were found in the
amount of two, rarely three in one erythrocyte. In
5% of the total number of cells with micronucleus,
there was a large micronucleus and one or two
small sizes next to it. Only 10% of the total number
of cells with micronucleus revealed the formation
of small and medium sizes. Thus, a micronucleus
test was carried out on the instability of the genetic
apparatus in the erythrocytes of the blood of two
autochthonous sheep breeds from the Russian
Federation and the Republic of Kazakhstan. In
Romanov sheep, the relationship between the
level of micronucleus in erythrocytes and the age
of animals was determined. A comparative
characteristic is given for the occurrence of
micronuclei in known sheep breeds of two
countries: the Russian Federation and the
Republic of Kazakhstan.
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Table 1. The frequency of occurrence of erythrocytes with micronucleus in the studied sheep of the
Romanov breed (in %o)

No. Group of discovered animals n The average number of
micronucleus per 1000 cells
1 Rams 8 56+0.3
2 Ewes 20 4.8+0.3
3 Lambs 2 months age 7 8.7+0.9
4 Group average 35 58+1.8

Table 2. The frequency of occurrence of erythrocytes with micronucleus in studied sheep breeds (%o)

Sheep breeds and interbreeding types

n Number of micronucleuses
per 1000 cells

Edilbay interbreeds types:

Birlik 16 46+0.3
Suyunduk 18 3.5+£0.2
Romanov 35 58+1.8

Periodico Tché Quimica. ISSN 2179-0302. (2020); vol.17 (n°34)
Downloaded from www.periodico.tchequimica.com

186



Figure 1. The sheep in the erythrocyte are represented large and medium micronucleuses

—————

Figure 2. Middle micronucleus in a sheep erythrocyte

TE—

Figure 3. Erythrocyte in a sheep with a small micronucleus
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RESUMO

Atualmente, o método de plasmassor¢cdo € amplamente utilizado na prética clinica para remover
guantidades excessivas de metabolitos que causam vdrias patologias. No entanto, os plasmasorbentes
aplicados muitas vezes podem fornecer véarios efeitos colaterais para o paciente, como a coagulagdo do
sangue, a liberacdo de particulas de poeira e a absor¢do de componentes Uteis do plasma. Além disso, eles
podem ser bastante caros. O objetivo do trabalho foi criar plasmasorbentes disponiveis com boa
hemocompatibilidade para a adsorcao de lipoproteinas do plasma. Foram sintetizados varios trocadores de
anions com grupos de trimetilamina, monoetanolamina e trietanolamina. Para os sorventes obtidos, foram
investigadas as propriedades de adsorcdo e fisico-quimica. Densidade aparente, volume especifico no
intumescimento, coeficiente de intumescimento em varios solventes (dgua, etanol, isopropanol, propilenoglical,
acetona) foram determinados e os célculos tedricos da capacidade total de troca e massa de reticulacdo e
fragcbes molares foram realizados. Verificou-se que o melhor inchago € alcangado no propilenoglicol. Para os
sorventes LP27 e LP29, foram determinadas as capacidades nas fracdes de triglicerideos e lipoproteinas e o
coeficiente de distribuicio dos componentes do perfil lipidico entre as fases solida e liquida. E mostrado que
ambos os sorventes tém boas propriedades de sor¢do, sendo a amostra LP29 bastante promissora para a
extracdo dos componentes do perfil lipidico. Presume-se que os sorventes desenvolvidos sejam mais baratos
gue os atualmente utilizados, pois séo sintetizados com base na matriz disponivel comercialmente. Espera-se
gue os resultados obtidos sejam Uteis para investigacfes adicionais visando a melhoria da qualidade da
moderna tecnologia de plasmassorc¢ao.

Palavras-chave: Extracdo de LDL e VLDL, sor¢cédo de colesterol, aterosclerose, hipercolesterolemia, doencas
cardiovasculares.

ABSTRACT

Currently, the plasmasorption method is widely used in clinical practice to remove excessive amounts of
metabolites that cause various pathologies. However, the plasmasorbents applied often can give a number of
side effects for the patient, such as the blood clotting, the release of dust particles, and the sorption of useful
components from the plasma. Besides that, they can be quite expensive. The aim of the work was to create
available plasmasorbents with a good hemocompatibility for the lipoprotein adsorption from the plasma. A
number of anion exchangers with groups of trimethylamine, monoethanolamine, and triethanolamine were
synthesized. For the sorbents obtained, adsorption and physico-chemical properties were investigated. Bulk
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density, specific volume at swelling, the swelling coefficient in various solvents (water, ethanol, isopropanol,
propylene glycol, acetone) were determined and the theoretical calculations of total exchange capacity and
crosslinking mass and molar fractions were made. It was found that the best swelling is achieved in propylene
glycol. For the sorbents LP27 and LP29, the capacities on triglyceride and lipoprotein fractions and the
coefficient of distribution of lipid profile components between the solid and liquid phases were determined. It is
shown that both sorbents have good sorption properties, the sample LP29 being quite promising for the lipid
profile components extraction. The developed sorbents are assumed to be cheaper than currently used ones as
they are synthesized on the basis of commercially available matrix. The results obtained are expected to be
useful for further investigations aimed at the modern plasmasorption technology quality improvement.
Keywords: LDL and VLDL extraction, cholesterol
cardiovascular diseases.

sorption, atherosclerosis, hypercholesterolemia,

AHHOTALUUA

B HacTosilee Bpemsi MeToq MNNasMocopOumMM LLUMPOKO WMCMONb3YeTCs B KIMHWUYECKOW NpakTuke Ans
yaaneHns uM30bbITOYHOrO KOonuuecTBa MeTabonuToB, BbI3bIBAKOWMX pas3nuuHble natonorun. OpHako
ncrnonb3yemble NnasMocopbeHTbl 3a4acTyo MOryT Bbi3biBaTb PS4 NOGOYHbLIX 3h(EKTOB, TakMX Kak NoBbILLEHNE
CBEPTLIBAEMOCTU KPOBW, BblAENEHUe YacTul, Nbifv U U3BMNeYeHue Mnorie3HblX KOMMOHEHTOB U3 nrasmbl. Kpome
TOro, OHM MoOryT ObITb AoctatodyHo goporn. Llenbio gaHHon paboTbl 6biNO  co3gaHue  OOCTYMHbIX
nnasmocopbeHToB, 0bnagalLmnx XOpOoLUeh reMOCOBMECTUMOCTbIO, ANs M3BNEYeHUs nMnonpoTenHoB. bbin
CUHTE3UpOBaH pPsA aHUWOHUTOB C rpynnaMmyv TpUMETUraMuHa, MOHOSTaHOMaMuvHa W TpudTaHoNamuvHa WU
nccnepoBaHbl UX afacopOuMOHHble M huamKo-xummnyeckne ceomncTBa. OnpegeneHbl HacbiMHaa MNAOTHOCTb,
yAaenbHbIi 06beM npu HabyxaHuu, kKO3 PULMEHTbI HabyxaHns B pasfMyHbIX pacTBOpuTensx (Boga, aTaHon,
N30MpPOMNaHor, NPOMNUIEHININKONb, aleToH), a Takke paccyMTaHbl TeOpeTUYECKUEe 3HaYEHUst NOMHOW OBMeHHON
€MKOCTU U MaccoBOW M MOMbHOW [JOnen cluMBalowero areHta. [lokasaHo, 4TO Hawnydwee HabyxaHue
OOCTUraeTcsl Mpu UCMONb30BaHWM B Ka4ecTBe pacTBopuTens nponuneHrnukons. Ons obpasuos J1627 n J1629
onpegeneHbl aacopbUMOHHbIE €MKOCTW No Tpurnuuepuaam v pakuusMm NMNonpoTEMHOB M pacCUUTaHbI
KO3 PUUMEHTbI pacnpedeneHnss KOMMOHEHTOB Mexay TBepaon u xuakonm ¢asamu. [lMokasaHo, 4Tto oba
copbeHTa UMetoT xopoLumne copbLmMoHHbIe CBONCTBA. Hanbonee nepcnekTMBHbIM AN U3BEYEeHNS1 KOMMOHEHTOB
nunNuaHoro cnekTpa AesnaeTca obpasel /1629, UMeroLLIMn AOCTaTOYHO BbICOKME EMKOCTU MO BCEM KOMMOHEHTaM.
Mpennonaraetcs, 4YTo pa3pabaTtbiBaemble copbeHTbl OyayT OelleBne, 4YeM UCMNONb3yeMble B HacTosilee
Bpems, Grnarogaps MCnonb30BaHUKO ANS UX CUHTE3a AOCTYMHOrO MPOMbILLNEHHOrO aHWoHuTa. lonyveHHble
pe3ynbTaTbl MOryT ObITb NONE3HbI A1 AaNbHENLLNX UCCNEAOBAHNI, HAanpPaBeHHbIX Ha yNy4lleHne KkayecTsa U
AOCTYNMHOCTU COBPEMEHHbIX NNa3MOCOPOLMOHHBIX TEXHOMOMMIA.

KniouyeBble cnoBa: u3senevyeHue JINIHIT W JINOHIT, copbuusi xonecmepuHa, amepoCKepos,
aunepxonecmepuHemusi, cepOeyHo-cocyducmabie 3abornesaHusl.
1. INTRODUCTION hydrophobic properties.

There are a number of studies into this
subject that have been carried out in recent
times; (Bereli et al.,, 2011; Cao et al.,, 2011;
Dorskaia et al., 2019a; Dorskaia et al., 2019b;

The plasmasorption method is widely
used in clinical practice for the treatment of
pathologies caused by the increased content of

certain substances in the blood. In particular, it
is prescribed for the treatment of
atherosclerosis caused by an increased content
of low- and very low-density lipoprotein
cholesterol (LDL and VLDL) in blood plasma.

The surface of lipoprotein particles is
negatively charged; accordingly, copolymers
with substituted amino groups having a
positively charged quaternary nitrogen atom
were choosen as plasmasorbents. Various
nitrogen atom substituents affecting the electron
density shift were used. In that way, it was
possible to adjust the magnitude of the positive
charge of the sorption center and its hydrophilic-

Gan et al., 2016; Hou et al., 2013; 2015; Huang
et al., 2010; Huang et al., 2011; Huang et al.,
2009; Khattari, 2016; Lan et al., 2012; Li et al.,
2014; Li et al., 2011; Li et al., 2013; Liu et al.,
2016; Liu et al., 2012; Liu et al., 2015; Lu et al.,
2013; Lu et al., 2011a; Lu et al., 2011b; Ma et
al., 2011; Ma et al., 2008; Teruel et al., 1995;
Wang et al., 2016; Wang et al., 2014; Wang &
Lan, 2014; Yu, 2013; Yu et al., 2014; Zheng et
al., 2011) can be noted. In (Lu et al., 2011a; Lu
et al.,, 2011b) the extraction of lipid profile
components by sorbents based on carbon
nanotubes modified with various agents was
studied. Papers (Hou et al., 2013; 2015; Huang
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