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Table 1. The frequency of occurrence of erythrocytes with micronucleus in the studied sheep of the 
Romanov breed (in ‰) 

Table 2. The frequency of occurrence of erythrocytes with micronucleus in studied sheep breeds (‰) 
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Figure 1. The sheep in the erythrocyte are represented large and medium micronucleuses 

Figure 2. Middle micronucleus in a sheep erythrocyte

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

Atualmente, o método de plasmassorção é amplamente utilizado na prática clínica para remover 
quantidades excessivas de metabólitos que causam várias patologias. No entanto, os plasmasorbentes 
aplicados muitas vezes podem fornecer vários efeitos colaterais para o paciente, como a coagulação do 
sangue, a liberação de partículas de poeira e a absorção de componentes úteis do plasma. Além disso, eles 
podem ser bastante caros. O objetivo do trabalho foi criar plasmasorbentes disponíveis com boa 
hemocompatibilidade para a adsorção de lipoproteínas do plasma. Foram sintetizados vários trocadores de 
ânions com grupos de trimetilamina, monoetanolamina e trietanolamina. Para os sorventes obtidos, foram 
investigadas as propriedades de adsorção e físico-química. Densidade aparente, volume específico no 
intumescimento, coeficiente de intumescimento em vários solventes (água, etanol, isopropanol, propilenoglicol, 
acetona) foram determinados e os cálculos teóricos da capacidade total de troca e massa de reticulação e 
frações molares foram realizados. Verificou-se que o melhor inchaço é alcançado no propilenoglicol. Para os 
sorventes LP27 e LP29, foram determinadas as capacidades nas frações de triglicerídeos e lipoproteínas e o 
coeficiente de distribuição dos componentes do perfil lipídico entre as fases sólida e líquida. É mostrado que 
ambos os sorventes têm boas propriedades de sorção, sendo a amostra LP29 bastante promissora para a 
extração dos componentes do perfil lipídico. Presume-se que os sorventes desenvolvidos sejam mais baratos 
que os atualmente utilizados, pois são sintetizados com base na matriz disponível comercialmente. Espera-se 
que os resultados obtidos sejam úteis para investigações adicionais visando à melhoria da qualidade da 
moderna tecnologia de plasmassorção.

Palavras-chave: Extração de LDL e VLDL, sorção de colesterol, aterosclerose, hipercolesterolemia, doenças 
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 sorption, atherosclerosis, hypercholesterolemia, 
cardiovascular diseases.
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1. INTRODUCTION

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-

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;
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 


