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RESUMO

Atualmente, o método de plasmassor¢ao € amplamente utilizado na pratica clinica para remover
quantidades excessivas de metabdlitos que causam varias patologias. No entanto, os plasmasorbentes
aplicados muitas vezes podem fornecer varios efeitos colaterais para o paciente, como a coagulagdo do
sangue, a liberagcéo de particulas de poeira e a absor¢gdo 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 adsorgédo e fisico-quimica. Densidade aparente, volume especifico no
intumescimento, coeficiente de intumescimento em varios solventes (agua, etanol, isopropanol, propilenoglicol,
acetona) foram determinados e os calculos tedricos da capacidade total de troca e massa de reticulagéo e
fragbes molares foram realizados. Verificou-se que o melhor inchago é alcangado no propilenoglicol. Para os
sorventes LP27 e LP29, foram determinadas as capacidades nas fragbes de triglicerideos e lipoproteinas e o
coeficiente de distribuicdo dos componentes do perfil lipidico entre as fases soélida e liquida. E mostrado que
ambos os sorventes tém boas propriedades de sorcao, sendo a amostra LP29 bastante promissora para a
extragdo dos componentes do perfil lipidico. Presume-se que os sorventes desenvolvidos sejam mais baratos
que os atualmente utilizados, pois sao sintetizados com base na matriz disponivel comercialmente. Espera-se
que os resultados obtidos sejam Uteis para investigagdes adicionais visando a melhoria da qualidade da
moderna tecnologia de plasmassor¢ao.

Palavras-chave: Extragcdo de LDL e VLDL, sorgdo de colesterol, aterosclerose, hipercolesterolemia, doengas
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,
cardiovascular diseases.

cholesterol sorption, atherosclerosis, hypercholesterolemia,

AHHOTALUUA

B HacTosilee Bpems MeToA Nna3mMocopOLMU LUMPOKO MCMOMb3yeTCs B KIMHUYECKOW MNpakTuke ANs
yaaneHus M30bITOMHOMO KONMMYecTBa MeTaboNMUTOB, BbI3bIBAKOLWMX pasnuyHble nartonorvi. OpHako
ncnonb3yemble NrasMocopbeHTbl 3a4acTy0 MOTyT Bbi3blBaTb pAA NOOOYHBLIX 3EKTOB, TAKMX Kak MOBbILLEHWE
CBEepTbIBAEMOCTU KPOBU, BblAeneHne Yyactuy, Nbinn U n3BreyYyeHne noriesHbIX KOMMNOHEHTOB M3 nnasmbl. Kpome
TOrO, OHM MOryT OblITb [ocTaTodHO Aoporn. Llenbto paHHon paboTbl 6bino  co3gaHve  OOCTYMHbIX
nnasmocopbeHToB, 0bnagalwLmnx XOpoLIen reMoCOBMECTUMOCTBIO, AMNsi M3BMEYEHUS JTMNOMPOTEMHOB. bbin
CYHTE3UpOBaH psa aHWOHUTOB C rpynnamu TpUMETUNamMuMHa, MOHO3TaHONMaMmHa W TpuaTaHONaMuHa W
nccreqoBaHbl UX afcopOUMOHHBIE U (PU3NKO-XUMUYeckMe cBolcTBa. OnpedeneHbl HacbiMHas MIOTHOCTb,
yaenbHbii 06bem npu HabyxaHun, KoaddULMEHTbI HabyxaHus B pasfnUyHbIX pacTBoOpuUTENsX (Boda, STaHoOmM,
N30MNPONaHos, NPOMUIEHITINKONb, aLETOH), a Takke pacCYuTaHbl TEOPETUYECKNE 3HAYEHUS MOMHOM OOMEHHOWN
€MKOCTU U MacCOBOW W MOSbHOW [AOMen CluMBalowero areHTta. [lokaszaHo, 4TO Haunydwee HabyxaHue
OOCTUraeTcsl Mpu UCMONb30BaHWM B Ka4eCcTBe pacTBOpUTENs nponuneHrnukons. Ons obpasuos J1627 n 11629
onpeaeneHbl afcopbLMOHHbIE EMKOCTW MO TpurnuuepvgaMm v dpakuusiM nmMnonpoTENHOB M pacCYUTaHbI
KO3(hULMEHTBI pacnpeneneHnss KOMMOHEHTOB Mexay TBepaon u xupgkon dasamu. [lokasaHo, 4To oba
copbeHTa umetoT xopoLume copbLUMOHHbIE CBOMCTBA. Hanbonee nepcnekTUBHbIM ANs U3BMEYEHNS KOMMNOHEHTOB
NUMUAHOTO crekTpa AensieTcs obpasel, J1629, nMetoLwmin 4OCTaTOYHO BLICOKME EMKOCTU MO BCEM KOMMOHEHTaM.
MpepnonaraeTcs, 4TO paspabaTtbiBaeMble COpPOEHTHI OyaoyT OelueBrne, YeM MCMoNb3yeMble B HacTosiLlee
Bpemsi, Ornarogapsi UCNOMb30BaHWIO Afst UX CMHTE3a AOCTYMHOrO MPOMBILMEHHOrO aHuoHuTa. [ony4veHHble
pe3ynbTaTbl MOTYT ObITb NOME3HbI AN AalNbHENWNX UCCIeq0oBaHUNA, HanpaBIieHHbIX Ha yry4lleHne KadecTsa u
OOCTYMHOCTM COBPEMEHHbIX NNa3MOCOPOLNOHHBIX TEXHOMOTUIA.

KnoueBble cnoBa: ussneyeHue JI[IHIT U JI[TOHI],
eurnepxosiecmepuHemusi, cepOe4yHo-cocyducmslie 3aboriegaHus.

copbyusi  xorecmepuHa,  amepocK/Iepos,

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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et al., 2010; Huang et al., 2011; Huang et al.,
2009; Lan et al., 2012; Li et al., 2014; Li et al.,
2011; Liu et al., 2015; Ma et al., 2011; Ma et al.,
2008; Wang et al., 2016; Zheng et al., 2011) are
devoted to the binding of LDL with heparin. In
(Yu et al., 2014), the authors synthesized the
amphiphilic adsorbent based on polyvinyl
alcohol (PVA) containing cholesterol ligand and
sulfonic dextran ligands. In (Li et al, 2013;
Wang et al., 2014; Wang & Lan, 2014) sorbents
with ligands of other saccharides are described.
In (Lu et al., 2013) authors offered the modified
by L-tryptophan carbon sorbent for the
extraction of LDL.

Contacting with biological fluids, medical
sorbents must be hemocompatible, stable,
chemically resistant, standardized, have
sorption activity, and not emit toxic substances.
However, currently used plasmasorbents often
to some degree do not meet these
requirements, besides that they can be quite
expensive. The developed sorbents are
assumed to be cheaper than currently used
ones as they are synthesized on the basis of
commercially available matrixes. The results
obtained are expected to be useful for further
investigations aimed at improving the quality
and the availability of modern plasmasorption
methods.

2. MATERIALS AND METHODS

2.1. Synthesis of the sorbents LP23-30

At the first stage, eight sorbents with
groups of trimethylamine, monoethanolamine,
and triethanolamine were synthesized. The
anion exchanger Lewatit® Monoplus M 500 (see
Table 1) was being affected by solutions of
amines at heating for 1 h. Water or mixtures of
water with isopropanol, propylene glycol, or
acetone in a volume ratio of 1:1 were used as
solvents. Table 2 presents the synthesis
conditions. The choice of the synthesis
temperature of 65 °C for the sorbents LP23-25
and LP27-29 was limited by the maximum
operating temperature of the Lewatit® Monoplus
M 500 (70 °C), and the temperature of 50 °C for
LP26 and LP30 — by the acetone boiling point
(56 °C). Figure 1 shows the synthesis reactions.
Table 1 presents the monomer composition of
the copolymers synthesized.

2.2. Determination of the
adsorption of the sorbents LP23-30

lipoprotein

An in vitro experiment on the sorption of
the lipid profile components from plasma was

carried out for the sorbents LP27 and LP29.
The samples of sorbents were converted in OH-
form and washed by 0.14 N sodium chloride
solution. Then the samples were interacting with
donor plasma for 3 h. Further, the content of
triglycerides (TG), total cholesterol (TC), and
high-density lipoprotein cholesterol (HDL) in
initial plasma and in plasma after sorption was
determined. The analyses were carried out in
the Laboratory and Diagnostic Center LDC on
the analyzer Architect c8000 (Abbot, USA,
manufactured in Japan by Toshiba Medical
Systems Corporation) by enzymatic colorimetric
methods. The content of LDL and VLDL
cholesterol was determined according to
Fridvald’s (Equations 1 and 2):

CoL=Ctc-ChoL-Crc /2.2
CupL=Crc/2.2

(Eqg. 1)
(Eq. 2)

where, Cip, Crc, ChoL, Crg, CwipL —
concentrations of LDL cholesterol, total
cholesterol, HDL cholesterol, triglycerides and
VLDL cholesterol correspondingly, mmol-I"".

3. RESULTS AND DISCUSSION:

3.1. Study of the physico-chemical
properties of the LP23-30 sorbents

The following theoretical characteristics
were calculated for the initial and synthesized
sorbents in chloride and hydroxyl forms:

- total exchange capacity, mmol-g"
(Equation 3, Figure 2):
TECi=TECo/ (1 +A) (Eq. 3)

where, TEC, — total exchange capacity of
the initial copolymer Lewatit® Monoplus M 500,
mmol-g”'; A — weight gain per 1 g of the initial
copolymer during synthesis, g-g™".

- crosslinking mass fraction (Equation 4,
Figure 3):

gm=1-TEC-M (Eq. 4)

where, TEC - total exchange capacity,
mol-g™; M — the molar mass of a copolymer unit,
g-mol™.
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- crosslinking molar fraction (Equation 5,
Figure 4):

Qv=0m/ (1 + TEC (Ms - M)) (Eq. 5)

where, Ms — the molar mass of the
crosslinking agent, g-mol™.

Crosslinking molar fraction of the initial
and all the synthesized sorbents have the same
values since only functional groups replaced
during the synthesis, but the ratio of the main-
chain units and the crosslinking agent did not
change.

For these characteristics, the minimum,
the average, and the maximum values were
determined, because the ranges of values used
for the calculation were given in the Lewatit®
Monoplus M 500 product detail sheet.
Consequently, also ranges of the calculated
values were obtained. For the synthesized
sorbents, these parameters were calculated
with the assumption that the degree of
conversion is 100%. In fact, the degree of
conversion is less, and the real values of these
indicators are in the range between the values
calculated for the initial sorbent Lewatit®
Monoplus M 500 (the degree of conversion 0%)
and for the full degree of conversion.

The following characteristics, for the

studied samples’:

- bulk density, g-mlI"' (Equation 6, Figure
5a):

p=V/m (Eq. 6)

where, V — sorbent volume, ml;
sorbent mass, g.

m -—

- specific volume, ml-g' (Equation 7,
Figure 5b):

Vsp = Vsw/ M (Eq. 7)

where, Vsw — volume of a sorbent in the
swollen state, ml.

As can be seen, the bulk density of the
sorbents LP24-26 with groups of
triethanolamine is greater than the bulk density

' The sorbents were dried to a nominal air-dry state, when
the mass decrease was less than 2.1% per week.

of the sorbents LP28-30 with groups of
monoethanolamine. This can probably be
explained by the influence of the molar mass of
functional groups: in the case of the sorbents
LP24-26 functional groups with a greater molar
mass than in the case of LP28-30 fall on the
same site of the polymer matrix.

The specific volume is the parameter
reciprocal of the density of the sorbent in the
swollen state. Accordingly, for this parameter,
the inverse relationship is observed: for the
sorbents LP24-26 with a greater molar mass of
functional groups, it is slightly less than for
LP28-30.

- coefficient of swelling in water and in
various solvents (Equation 8, Figure 6):

Ksw = Vsw/V (Eq. 8)

As can be seen, the swelling coefficient of
the synthesized sorbents LP23-30 decreases in
a row of solvents: water>ethanol>isopropanol.
Apparently, this is due to the fact that these
sorbents contain both groups of trimethylamine
(unreacted groups of the initial copolymer
Lewatit® Monoplus M 500) and of
triethanolamine (in the case of the sorbents
LP23-26) or monoethanolamine (in the case of
the sorbents LP23-26). Hydroxyl groups of
ethanolamines increase the hydrophilicity of the
sorbents, therefore, being more hydrophilic
compared to the initial copolymer, the sorbents
LP23-30 better swell in a more polar solvent
(water) than in a less polar one (isopropanol).

A similar situation is observed for the
swelling of sorbents in propylene glycol and
acetone. The swelling coefficient decreases in
the row: propylene glycol>water>acetone,
respectively, reducing the number of hydroxyl
groups in this row of solvents (in propylene
glycol — 2, in water — 1, in acetone — 0).

As can be seen from figure 6, the
difference between the swelling coefficients in
ethanol and isopropanol is small, because these
solvents are close in structure homologs,
differing by only one CH-group. In the case of
propylene glycol and acetone, the swelling
coefficient differs significantly — by 1.4-1.7
times, which can be explained by a significant
difference in the structure of these solvents
belonging to different classes of organic
compounds.

Further, the sorption exchange capacities
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on chloride ion of the samples obtained were
estimated, and their average values were 2-2.5
mmol-g™'.

3.2. Study of the lipoprotein adsorption by the
sorbents LP27 and LP29

The two sorbents — LP27 (with groups of
monoethanolamine, solvent — water) and LP29
(with groups of monoethanolamine, solvent —
water+propylene glycol) were selected for the
experiment on plasmasorption in static
conditions. The choice of monoethanolamine
groups is due to the fact that earlier studies of a
wide range of sorbents of different classes
showed good sorption capacity of these groups.
The choice of water as a solvent (in the case of
LP27) is caused by the fact that it is the most
common and available substance, and the
mixture of water and propylene glycol (in the
case of LP29) — because previous studies
showed good results when using the latter.

For these sorbents, the static sorption
capacity on the lipid profile components
(umol-g™") were calculated (Equation 9, Figure
7):

S=(Co-Cr)Vp/m (Eq. 9)

where, Co, C; — initial and final
concentrations of a component in plasma,
mmol-I'"; V, — plasma volume, ml; m — sorbent
mass per dry weight, g.

As can be seen, the sorbent LP29 has
larger capacities on all lipid profile components
than the sorbent LP27.

Figure 8 shows the distribution of the
sorption capacities of the sorbents LP27 and
LP29 by lipoprotein fractions. More than 1/3 of
the capacities of both sorbents are spent on the
extraction of atherogenic LDL cholesterol, this
being a positive factor in terms of the treatment
of atherosclerosis. 1/3 of the capacities is spent
on HDL cholesterol extraction. Of the two
studied sorbents, LP27 has a larger part of the
capacity occupied by LDL cholesterol than
LP29, and the latter has a larger part of the
capacity spent on VLDL cholesterol.

The coefficient of distribution of lipid
profile components between the solid and liquid
phases (I of plasma | of sorbent) was
determined for the investigated sorbents by
Equation 10 (Figure 9).

Ks =S/ Cs (Eq. 10)

As can be seen, the distribution coefficient
of all lipid profile components is greater for the
sorbent LP29, indicating its good ability to
concentrate these substances in its volume.

4. CONCLUSIONS:

The eight sorbents LP23-30 with
trimethylamine, monoethanolamine, and
triethanolamine groups were synthesized. Their

following theoretical characteristics were
calculated: exchange capacity (2.63-4.75
mmol-g'), crosslinking mass, and molar
fractions  (0.048-0.286 and  0.104-0.375

correspondingly). Physico-chemical properties
of the sorbents LP23-30 (bulk density, specific
volume at swelling, the swelling coefficient in
various solvents) are determined. The
experiment on plasmasorption of the lipid profile
components for the sorbents LP27 and LP29 in
static conditions is carried out. High sorption
capacity of these anionites, especially of LP29,
was revealed.

The offered sorbents are assumed to be
cheaper than currently used ones. The results
obtained can be helpful for further investigations
aimed at creating modern affine
plasmasorbents for cardiovascular diseases
treatment.
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Figure 1. Reactions of syntheses of the sorbents LP23-30
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Figure 2. Theoretical total exchange capacity of the initial and synthesized sorbents in chloride

and hydroxyl forms
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Figure 3. Theoretical crosslinking mass fraction of the initial and synthesized sorbents in chloride

and hydroxyl forms
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Figure 4. Theoretical crosslinking molar fraction of the initial and synthesized sorbents in chloride
and hydroxyl forms
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Figure 6. Coefficient of swelling in water and in various solvents of the initial and synthesized
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Figure 7. Static sorption capacity of the sorbents LP27 and LP29 on the lipid profile components
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Figure 9. The distribution coefficient of the lipid profile components

Table 1. The composition of the copolymers
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Table 2. The conditions of syntheses of the sorbents LP23-30

Sorbent Reactant Solvent Temperature, °C
LP23 Water 65+0,1
LP24 Tristhanolamine Water+isopropanol 6510,1
LP25 Water+propylene glycol 65+0,1
LP26 Water+acetone 50+0,1
LP27 Water 6510,1
LP28 . Water+isopropanol 6510,1

Monoethanolamine
LP29 Water+propylene glycol 65+0,1
LP30 Water+acetone 50+0,1
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