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RESUMO

As doencas cardiovasculares sdo as principais causas de morte no mundo. O objetivo do artigo é
revelar as formas de trocadores de &nions com grupos de bases de amobnio e fosfénio, que sdo os mais
promissores para a extracdo seletiva de colesterol de lipoproteinas de baixa e muito baixa densidade (LDL e
VLDL), sendo seu conteudo elevado um fator derisco para doengas do sistema circulatério. Esta pesquisa € de
importancia préatica, considerando insuficiente seletividade e os efeitos colaterais de sorventes comerciais. O
principal método aplicado é a triagem de varios sorventes por pardmetros de sor¢éo de componentes do perfil
lipidico para revelar amostras étimas para remoc¢éo de LDL e VLDL.Foi realizada uma analise comparativa das
caracteristicas de sorcdo pelos componentes do perfil lipidico para trocadores de &nions com grupos de bases
de 6nio (amobnio e fosfonio) em trés formas: hidroxila, cloreto e bicarbonato. A capacidade sorvente para os
componentes do perfil lipidico (até 5,65 umol/g por LDL e VLDL), bem como os fatores de eficiéncia de sor¢éo,
foram encontrados (o coeficiente de seletividade LDL e VLDL foi de até 6,06). A capacidade dos sorventes para
influenciar a aterogenicidade do plasma foi caracterizada. As formas mais promissoras de trocadores aniénicos
para sor¢éo seletiva de lipidios foram definidas: em geral, estas eram formas OH. O sorvente com grupos base
de aménio possui maior capacidade de sorcdo e um sorvente com grupos fosfénio-base possui maior
seletividade para LDL aterogénico e VLDL.Os dados do artigo podem ser (teis no desenvolvimento e na
aplicacéo préatica de colunas de sor¢cédo para remocéao seletiva de colesterol LDL e VLDL com efeitos colaterais
minimos.

Palavras-chave: adsorcdo de plasma, sorventes de plasma, sor¢do de colesterol, remocgdo seletiva de
colesterol, sorcao lipidica, aterosclerose

ABSTRACT

Cardiovascular diseases are the leading causes of death globally. The purpose of the article is to reveal
the forms of anion exchangers with groups of ammonium and phosphoniumbases, which are the most
promising for selective extraction of low- and very-low-density lipoprotein cholesterol (LDL and VLDL), their
increased content beinga risk factor of circulatory system diseases. This research is of practical importance
considering insufficient selectivity and side effects of commercial sorbents. The main method applied is a

PERIODICO TCHE QUIMICAswww.periodico.tchequimica.coms Vol. 16 N. 31.
+ ISSN 1806-0374 (impresso) * ISSN 1806-9827 (CD-ROM) « ISSN 2179-0302 (meio eletronico)
© 2019. Porto Alegre, RS. Brasil 595

DOI: 10.52571/PTQ.v16.n31.2020.602_Periodico31_pgs_595_606.pdf



screening of a number of sorbents by sorption parameters of lipid profile components to reveal optimum
samples for LDL and VLDL removal. We carried out a comparative analysis of sorption characteristics by the
components of lipid profile for anion exchangers with groups of onium bases (ammonium and phosphonium) in
three forms: hydroxyl, chloride, and bicarbonate. Sorbent capacity for lipid profile components (up to 5.65
pmol/g by LDL and VLDL), as well as sorption efficiency factors, were found (LDL and VLDL selectivity
coefficient was up to 6.06). The ability of sorbents to influence plasma atherogenicity was characterized. The
most promising forms of anion exchangers for the selective sorption of lipids were defined: in general, these
were OH-forms. A sorbent with ammonium base groups has higher sorption capacity, and a sorbent with
phosphonium base groups has a higher selectivity for atherogenic LDL and VLDL. The data of the article may
be useful in the development and practical application of sorption columns for selective removal of LDL and
VLDL cholesterol with minimal side effects.

Keywords: plasma sorption, plasma sorbents, cholesterol sorption, selective removal of cholesterol, lipid
sorption, atherosclerosis

AHHOTALUUA

AKTyanbHOCTb Mccnegyemon npobnembl obycrnoBneHa NuanpyoLen nos3numnen cepaeyHo-cocyancTbIxX
3aboneBaHu cpeamn NPUYMH CMEPTHOCTM B Mupe. Llenb cTaTbu 3aknodaeTcs B onpegeneHnn opm aHMOHUTOB
C rpynnamm oOHUEBbIX OCHOBaHI/II7I, Hanbonee NepcnekTBHbIX ONA CeNekKTUBHOIro usBliedeHnda U3 nnasmbl
XOrnecTepuHa nunonpoTemaoB HU3KOM WM oveHb Huskow nnoTHoctu (JIMNHM v JIMOHMM), nosbiweHHOe
cogepXkaHue KOToporo sBnseTca aktopoM pucka 6GonesHen cuctembl KpoBoobpalleHus. [daHHoe
ncecnengoBaHne MMeeT NpakTn4yeckyro 3Ha4MMoCTb BBUAOY He,D,OCTaTOLIHOVI CENEKTUBHOCTU N HaNn4Ynsa NobOYHbIX
appekToB y cOpOEHTOB, NPMMEHSEMBIX B MEAULUHE B HacTosiLee BpeMs. Begywimum metogom mnccnenoBaHus
OaHHOM nNpobnemMbl SIBMSIETCA CKPUHMHI psiga cOpbOeHTOB MO nokasaTensm copOumMyM KOMMOHEHTOB JIMNUOHOMO
crnekTpa, NO3BOMSALWNA BbIsIBUTb ONTUMarbHble 006pasubl ans yganeHus xonectepuHa JIMNHI v NMNOHM. B
paboTe npoBefeH CpaBHUTENbHbIN aHanNn3 COPOLIMOHHBLIX XapakTEPUCTUK MO KOMMOHEHTaM NMMMOHOro cnekTpa
0N @HWOHWUTOB C IpynnaM WOHMEBBLIX OCHOBaHWA (aMMOHMEBOrO U ocdoHneBoro) B Tpéx opmax:
rMMOPOKCUNBHOW, XITOPMAHOM U GukapOoHaTHOW. HamgeHbl eMKOCTU COPOEHTOB MO KOMMOHEHTaM NUMUOHOro
cnekTpa (o 5,65 mkmons/r no xonectepuny JIMHIM v JINIOHI), a Takke nokasatenu apekTMBHOCTM copbumn
(koadbpuumeHT cenektmsHoctn K JIMHI wn JINMOHIM go 6,06). Oxapakrepm3oBaHa CNOCOGHOCTb COpPOEHTOB
BMUATb Ha aTeporeHHoCTb Nna3mbl. OnpegeneHsl Hanbonee nepcnekTnBHble PopMbl aHMOHUTOB Ans copbumu
Kakgon dpakumm NUNUOHOro crnekrpa: B OCHOBHOM 3To OH-dhopmbl aonst obomx copbeHToB. [lokaszaHo, 4To
COpOEHT ¢ rpynnamMmm aMMOHMEBOIO OCHOBaHUSA obnagaet 6onbluen copOLUMOHHOM CMOCOBHOCTBIO, acOpPOEHT ¢
roynnamm ¢ocOHMEBOrO OCHOBaHWsI — OonblUEN CENEeKTUBHOCTbIO MO OTHOLUEHU0 K aTepOreHHbIM
nunonpoTengam HU3KOM U OYeHb HMU3KOW MMOTHOCTU. PaccMoTpeHbl ocobeHHOCTU copbuumn 1 npeanonaraemoe
obpasoBaHMe KOMMNEKCOB COPOUPYEMbBIX MOSIEKYN XONecTepuHa U TpUrMuuepmMaoB ¢ copbeHToM C No3nummn mx
XUMUYECKOro CTpoeHus. MaTtepuwanbl ctatbu MOryT ObiTb MOne3HbiMM Mpu paspaboTke M BHeApeHun B
KIMUHNYECKYHO MPaKTUKy COPOLIMOHHbBIX KOMOHOK ANsi CenekTuBHOro yganexus xonectepuda J1IMHM n JINOHI ¢
MUHUMYMOM NOBOYHBIX 3 PEKTOB.

KnrouyeBble cnoBa: nnasmocopbuus, nnasmocopbeHTbl, copbums xonectepuna, cenektneHasa copbuua JIMHI,
copbumsa NnMNngoB, aTepoCcKNepos

INTRODUCTION condition, the body maintains the stable level of
cholesterol due to a complex of homeostatic
mechanisms including etherification,

According to Rosstat, blood circulatory M . ] _
biosynthesis, and endocytosis of this component.

system diseases have been the main causes of

death in the Russian Federation during the last
decade. The most frequent reason for these
diseases is the increased content of low-density
and very-low-density lipoprotein cholesterol (LDL
and VLDL) in blood plasma. In the normal

However, its high concentration is toxic for cells
(Igbal et al., 2008; Kiss and Sniderman, 2017)
Literature data show that inflammatory processes
are often observed in patients on hemodialysis,
and uremic toxins can be more important in
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atherosclerosis development than such standard
risk factors as disturbance of lipid exchange,
increased blood pressure, excess weight and
smoking (Ronco et al.,, 2007; Rosales et al.,
2015). The experiments in animals allowed
assuming that high cholesterol level can damage
the glomerular apparatus (Daugirdas et al.,
2015). Hypersecretion by the liver of apoliprotein
B, the main protein component of VLDL, or its
insufficient release from plasma can also
increase the risk of atherosclerosis development
(Fisher et al., 2014).

The modern technology of hyperlipidemia
treatment by exchange transfusion of donor
plasma, as well as by extracorporeal cleaning of
autoplasma with its synchronous transfusion is
quite suitable. At present, the tried and tested
medical aspects of the technology allow to
successfully perform exchange transfusion and
extracorporeal plasma correction, with multiple
degrees of patient protection thus significantly
facilitating the use of these methods in medical
practice (Abramyan, 2007; Schwartz et al.,.
2013). Alongside with LDL and VLDL direct
removal from plasma, the methods of solid-phase
extraction of useful high-density lipoprotein (HDL)
followed by its subsequent elution can be applied
for preparing plasma enriched with HDL. The
monograph (Telepchak et al., 2004) describes
the conditions for the extraction of lipids of
various classes from serum with a high yield and
degree of cleaning (Han, 2016). Lipid profile
normalization is also one of the main clinical
effects of online hemodiafiltration method
(Karkar, 2016; Levy et al.,, 2016; Ronco et al.,
2007). Cellulose triacetate membrane
characterized by high-permeability of the diluted
substances and antithrombogenicity allows to
improve lipid metabolism and to reduce
homocysteine level. Accumulation of the latter in
the body damages the tunica intima thus resulting
in multiple pathologies, including blood clots and
atherosclerotic plagues formation (Nubé et al.,
2016). During the last 30 years the convincing
evidence that methods of therapeutic apheresis
can successfully be used in cardiology to treat
patients with lipid exchange disturbances, who
are resistant to medicinal therapy, was obtained
as mentioned in (Safarova and Afanas’eva,
2014). This treatment is highly effective and safe
for the removal of atherogenic classes of
lipoproteins and has to be used to stabilize
atherosclerosis and improve the prognosis in
patients with familial hypercholesterolemia and
ischemic heart disease, refractory to conservative

therapy.

However, the main components for the
realization of such technologies (i.e., sorbents),
are not numerous now and have insufficient
adsorption capacity and selectivity for lipid profile
components. At the same time, there are usually
no interrelations between the structure and
properties of a sorbent for complex sorption
systems of lipids and a sorbent, even for
lipoprotein molecules of the simplest structure.
Development of selective sorbents is difficult to
achieve now. In fact, affinity in the heterophase
system is determined by strength and type of
ionogenic groups, as well as by the parameters of
a physical structure of a sorbent: the degree and
type of crosslinks, porosity and the features of
surface layers of three-dimensional copolymers
with alternation of hydrophobic and hydrophilic
sites. Thus, the only effective direction is a
screening of a wide range of sorbents with
varying properties.

In (Altynova et al., 2006), the authors
showed that commercially available
hemosorbents had no considerable advantage
over plasma sorbents due to insufficient sorption
capacity, low specificity or presence of fine
particles. The use of selective hemosorbents
does not currently resolve the main problem, i.e.,
the high cost of LDL-apheresis procedures in the
treatment of patients with here dietary
hypercholesterolemia.

In (Wang and Yu, 2013; Yu, 2013), the
Chinese scientists studied various types of
porous adsorbents on the basis of polystyrene,
agarose and cellulose matrices binding LDL.
They worked on the molecular recognition of
pathogenic molecules by ligands. The extensive
clinical practice of whole blood hemoperfusion in
Chinese hospitals shows that this method is
effective, safe and profitable.

Shablovsky and colleagues developed the
method of obtaining coal hemosorbents with a
wide range of functional groups enabling to
extract hydrophobic metabolites of both the
anionic and cationic nature from blood plasma.
Methods of fluorescent probing and biochemical
analysis showed that sorbents on the basis of
Purolite ion-exchange resin had high deliganding
properties, especially in relation to neutral and
cationic hydrophobic metabolites. The fact that
the sorbents have practically no influence on total
protein and albumin content make them safe for
plasma sorption (Shablovskiy et al., 2009).
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The patent (Furuyoshi and Tani, 1989)
offers a method for obtaining the sorbent with the
amino groups having substitutes with the
aromatic ring extracting LDL and VLDL due to
electrostatic and hydrophobic interactions. The
authors carried out the synthesis by
immobilization of aniline, benzylamine, benzoic
acid and p-nitrobenzoic acid on the cellulose and
agarose gels treated with epichlorohydrin.
Aromatic rings were shown to considerably
increase affinity as well as selectivity of a sorbent
for atherogenic lipoproteins.

In (Korolik et al., 2011), it is stated that
when maximum diet therapy and medical therapy
are not effective, the DALI LDL-apheresis system
might be recommended for wide clinical use with
the purpose of quick and safe correction of lipid
exchange disturbances.

Agishi and coauthors (1994) published
data on the use of the Liposorber LA-15 system
for LDL-apheresis in the treatment of coronary
and peripheral vascular diseases associated with
severe hypercholesterolemia. The system
consists of three main components forming the
closed extracorporeal circuit: the unit for plasma
separation Sulflux FS-05, Liposorber LA-15
columns for LDL adsorption and the apheresis
unit MA-01 for monitoring and control of plasma
separation and adsorption-desorption. The
system selectively extracts lipoproteins
containing apoliprotein B including LDL, VLDL,
and lipoprotein (a).

The LDL continuous apheresis system
with automatic regeneration of a dextran sulfate
cellulose column is described in (Mabuchi et al.,
1987). The authors used two columns containing
150 ml of a sorbent. The total amount of the
circulating plasma was 400 ml. After 600 ml of
plasma had passed over the first column, the
second column was used, while the first column
was regenerating. Thus, alternate use of two
columns allowed maintaining the efficiency of the
unit. Control was maintained by means of the
computerized unit that excluded the necessity of
the additional manipulations used in an ordinary
method with one column. In processing 4-5 | of
plasma LDL and VLDL levels decreased by 63-
71%, whereas HDL level remained unchanged.
This method is applicable to the treatment of
patients with familiar hypercholesterolemia and
severe coronary heart disease.

Bambauer (2002) described clinical
results of LDL apheresis obtained by different
methods. Four systems of LDL apheresis were

studied: dextran sulfate adsorption (Liposorber,
Kaneka), immunoadsorption (Therasorb, Baxter),
LDL hemoperfusion (Dali, Fresenius) and the
immunoabsorption system with special anti-
lipoprotein (a) columns (Lipopak, Pocard). The
authors showed high efficiency of LDL apheresis
of all four methods, and clinical results had no
significant differences. Before LDL apheresis
lipoprotein mean levels in patients were as
follows (mg/dl): total cholesterol was equal to
476.4+74.9; LDL — 295.5+£71.6; HDL — 38.9+7.8;
triglycerides — 508.2+212.8; lipoprotein (a) —
52.4+11.3; fibrinogen — 273.2+46.7 and
472.8+121.2. After the general period of LDL
apheresis studies (84.9+43.2 months) the mean
decrease in values (%) was as follows: total
cholesterol was equal to 50.6; LDL — 52.2;
lipoprotein (a) — 64.3; triglycerides — 43.1;
apoliprotein B — 39.5; fibrinogen — 26.7.

In (Kobayashi et al., 2002), the authors
carried out the analysis of dextran sulfate
cellulose sorption material of nearly the same
chemical structure as an adsorbent in Liposorber
LA-15/LA-40 systems, but with larger particle
size. In all the blood perfusion experiments this
material extracted atherogenic LDL cholesterol,
the concentration of HDL cholesterol remaining
practically unchanged. When using fresh human
donor blood or bovine blood to which acidic
citrate dextrose or sodium citrate was added as a
coagulant, the adsorbent revealed minimum side
effects concerning activation and loss of blood
cells thus showing its good hemocompatibility.
Besides, the adsorbent had mechanical stability
and did not cause hemolysis. In a series of
experiments, adsorbent removed more than 25%
of triglycerides and LDL.

German scientists conducted in vitro
studies of the efficacy and biocompatibility of LDL
absorber in the course of lipid apheresis by
hemoperfusion (Bosch et al, 1993). The
adsorbent represented the modified polyacrylate
gel immobilized on a solid support. The absorber
revealed the ability to selectively remove LDL
particles from the whole blood. In vitro
experiments showed quantitative adsorption of
atherogenic LDL cholesterol and low nonspecific
removal of useful HDL cholesterol. The obvious
advantage of such hemoperfusion over
plasmapheresis is the absence of an extra stage
of plasma separation. This reduces the cost of
the extracorporeal circuit and significantly
simplifies its use.

Another work (Bosch et al., 2006) reviews
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direct adsorption of LDL (DALI), whose main
advantage is simplicity and convenience of use.
Extracorporeal circuit consisted only of sterile
disposable expendables. To decrease LDL
cholesterol content for at least 60% per session,
the authors used four different configurations:
DALI 500, 750, 1000 and 1250. 96% of the
sessions showed no complications. However,
some patients complained of such side effects as
hypotension and paresthesia, especially during
the initial sessions. Mean decrease in
concentration per one session constituted (%) as
follows: 69+12 for LDL cholesterol; 41+18 for
triglycerides; 15+10 for HDL cholesterol; 19+11
for fibrinogen; and 62124 for lipoprotein (a) (in
patients with a concentration of lipoprotein (a)
more than 30 mg/dl).

Cheng Y. and others studied amphiphilic
adsorbent for LDL removal in vitro and in vivo.
The adsorbent was prepared using a technique
described in (Wang et al.,, 2002). The authors
studied the effects of sulfonation and grafting
time of cholesterol on the swelling property of
adsorbent. When these parameters were 3 and 5
h, respectively, the amphiphilic adsorbent had a
high adsorption capacityfor LDL  without
significant HDL adsorption. The adsorption
capacity for LDL, total cholesterol, and
triglycerides was 1.916, 2.132, 1.349 mg/ml,
respectively. Experiments in rabbits with
hyperlipidemia fed with fodder enriched with
cholesterol or yolks were performed. After 2 h
hemoperfusion, the LDL levels decreased from
3.619+0.354 to 0.724+0.07 mmol/l showing that
the adsorbent was capable of effectively
removing LDL without side effects (Cheng et al.,
2003).

Li H. and colleagues (2004) studied
synthesis and LDL adsorption for
hemocompatible crosslinked macroporous
copolymers. The synthesis was carried out by
suspension polymerization of vinylacetate and
triallylisocyanurate  with the subsequent
transformation in a copolymer of vinyl alcohol and
triallylisocyanurate. Then epoxidation was carried
out through the reaction of epichlorohydrin with a
copolymer hydroxyl group. Further carboxyl
groups were immobilized through  1.6-
hexanediamine or thriethylenetetramine or
attached directly to the copolymer hydroxyl
group. The adsorption capacities of the obtained
sorbents were (mg/g) as follows: 0.78-2.70 for
total cholesterol; 0.24-0.66 for HDL cholesterol;
0.54-2.04 for LDL and VLDL cholesterol. The
selectivity defined as the ratio of capacities for

(LDL+VLDL)/HDL was 1.76-3.09.

Koga and others (1999) studied long-term
effects of LDL apheresis influencing the course of
carotid atherosclerosis in patients with familial
hypercholesterolemia. Two groups of patients

with  familial hypercholesterolemia  were
examined, i.e., two homozygous and nine
heterozygous patients who received the

combined treatment of LDL apheresis and
medicinal therapy to decrease the LDL level for a
mean of 7.8 years. The mean treatment period
for the control group of 10 heterozygous patients
was only 5.5 years. As a result of LDL apheresis,
the LDL cholesterol level decreased from
16.0£3.60 to 6.43+0.07 mmol/l in homozygous
patients and from 11.5+2.46 to 4.32+1.2 mmol/l in
heterozygous ones. During the long-term
treatment, the existing plaques tended to
increase, and new ones were formed in the
carotid artery in both groups.

MATERIALS AND METHODS

Previously, we investigated a wide range of
sorbents of various classes: cation and anion
exchangers, polyampholytes, neutral sorbents,
and active coals, specific sorbents. Sorbents good
at extracting lipoproteins were shown to be the
most numerously presented by a group of
anionites. Anionite AMX-1 was studied in three
ionic forms: hydroxyl, bicarbonate, and chloride.
The wuse of various forms allows varying
hydrophilicity-hydrophobicity of onium groups
influencing the sorption of bipolar lipids. Further, it
was interesting to compare the sorption of lipid
profile components by forms of two anion
exchangers with the groups of quaternary onium
bases: ammonium (AMX-1) and phosphonium
(QP quaternary phosphonium) base and
determine the most promisinganion exchanger
type and a form for LDL and VLDL extraction.

The sample of AMX-1 taken for analysis
represents anion exchanger on the basis of
chloromethylated styrene-divinylbenzene
copolymer (10.1% of chlorine, 30% of
divinylbenzene, 115% of isooctane, the specific
surface area — 110 m?/g, the total pore volume —

1.5 cm®g, porosity — 52%), modified by
monoethanolamine (synthesized by A. |. Zorina,
All-Russian Research Institute of Chemical

Technology). The QP sorbent is a macroporous
phosphorylated styrene-divinylbenzene copolymer
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with quaternary tripropylphosphonic groups.

The studied sorbents have the following
formulae, as in Equation 1.

Positively charged nitrogen and
phosphorus atoms interact with negatively
charged parts of the sorbed molecules of
cholesterol and triglyceride presented in all
lipoprotein fractions (but mostly in chylomicrons
and VLDL), triglyceride and esterified cholesterol
being contained in the core of the particle and
non-esterified cholesterol being on its surface
(Hussain, 2014; Igbal et al., 2014; Igbal and
Hussain, 2009; Klimov and Nikul'cheva, 1999).

Figure 1 shows the structural formulae of
cholesterol and triglyceride. The highest electron
density is concentrated on oxygen atoms of both
molecules, thus providing their affinity to anion
exchangers with the groups of the onium bases.

It is possible to assume that complexes are
formed according to reaction schemes 1, 2 for the
sorption on AMX-1 anion exchanger (the
reactions are similar for QP sorbent).

The experimental method consisted in
keeping the sorbents in contact with plasma for
the extraction of different components from it.
Then the analyses of initial plasma and plasma
after sorption were performed in the licensed
laboratory In vitro. The content of triglycerides,
total cholesterol, HDL, LDL, and VLDL was
determined.

Automatic biochemical analyzer Architect
c8000 was used. The methods of determination
are presented in Table 1.

Sorption capacity was calculated as
Equation 2:

m = (Co-C)V/g, (Eq. 2)

where

m — sorption capacity, pmol/g;
Co — initial concentration, mmol/l;
Ct — final concentration, mmol/l;
V — volume of plasma, ml;

g — sorbent mass per dry weight.

RESULTS AND DISCUSSION

The results of the analyses are presented
in Table 2.

Columns 3-7 contain data on sorption
capacities for lipid profile  components:
triglycerides (TG), total cholesterol (TC), high-
density lipoprotein cholesterol (HDL), low- and
very-low-density lipoprotein cholesterol (LDL and
VLDL).

On the basis of these values, the following
parameters have been calculated characterizing
a complex effect of sorbents on several
components, as well as selectivity of extraction of
certain components or a complex of several
components of lipid profile.

Capacity for LDL and VLDL, umol/g
(column 8):

m(LDL+VLDL) = m(LDL)+m(VLDL) (Eq. 3)

Capacity for LDL, VLDL and TG, umol/g
(column 9):

mM(LDL+VLDL+TG) = m(LDL)+m(VLDL)+m(TG)
(Eq. 4)

The relation of capacities m(LDL)/m(HDL)
(column 10).

The selectivity coefficient equal to the

relation of capacities m(LDL+VLDL)/m(HDL)
(column 11).
The relation of capacities

M(LDL+VLDL+TG)/m(HDL) (column 12).

To characterize the atherogenic properties
of plasma that underwent sorption, we calculated
the following parameters:

- the atherogenic index (Ki, column 13) is equal
to the relation of LDL concentration to HDL
concentration;

- the atherogenic coefficient (K2, column 15) is
equal to the relation of LDL+VLDL concentration
to HDL concentration;

- the elation of concentration
(LDL+VLDL+TG)/HDL (K3, column 17).

The percentage of change was calculated
for each of these parameters to evaluate the
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influence of sorbents on plasma atherogenicity
(columns 14, 16, 18):

5K = (Ki/Kio-1)x100, (Eq. 5)

where K; — Ki, K;, K3 parameters for plasma
which underwent sorption;

Kio — K1, K2, K3 parameters for initial plasma.

Positive percentage of change means that
the parameter has increased and, respectively,
plasma has become more atherogenic. Negative
percentage of change means otherwise.

Apparently, the capacity of AMX-1 for
lipoproteins was higher than that of QP in all
three forms. Probably, it can be explained by a
steric factor: a quaternary atom of phosphorus in
QP molecule is shielded by three voluminous
propyl substitutes, while the nitrogen atom in
AMX-1 has hydrogens as two of four substitutes
making it significantly easier to reach by the
sorbed components. Among various forms of one
sorbent, both for AMX-1 and QP, the greatest
sorption is typical of the hydroxyl form, followed
by the chloride form. The bicarbonate form has
the smallest sorption. HDL fraction is an
exception, being absorbed slightly better by
bicarbonate forms, than by chloride ones.
However, this difference is quite insignificant.

Total capacities for LDL+VLDL and for
LDL+VLDL+TG are higher for AMX-1 anion
exchanger, but QP in all three forms has a higher
selectivity for LDL than AMX-1. Practically all the
capacities and selectivity for LDL, LDL+VLDL and
LDL+VLDL+TG improve in the row of an HCOs-
form<Cl-form<OH-form for both  sorbents.
Exception: the selectivity for LDL+VLDL and
LDL+VLDL+TG of AMX-1 increases in the row of
HCOs-form<OH-form<ClI-form.

Despite having high adsorption capacities
for each lipid profile component, AMX-1 in all
three forms extracts a significant amount of
useful HDL, deteriorating plasma by increasing its
atherogenicity. On the contrary, the plasma
atherogenicity is only slightly influenced by QP,
which makes it safe from this point of view,
though it has small capacities for LDL and VLDL.

CONCLUSIONS:

As a result of the study, the most
promising forms of AMX-1 and QP anion
exchangers for the sorption of each lipoprotein
fraction have been determined: generally, these
are OH-forms for both sorbents. The comparative
analysis showed that AMX-1 has higher sorption
capacity, and QP has a higher selectivity for LDL
and VLDL. An explanation of peculiarities and
distinctions in the sorption for the examined anion
exchanger forms considering the structure of their
functional groups was suggested. The results
obtained could be a step forward to the
improvement of plasma sorption methods for the
treatment of cardiovascular diseases.
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Table 1. Methods of determination of lipid profile components

Component

Method

Triglycerides

Enzymatic colorimetric (GPO PAP)

Total cholesterol

Enzymatic, cholesterol esterase(CHOD-PAP)

HDL cholesterol

Direct measurement following polyanionic adsorption of other lipoproteins

LDL cholesterol

Calculation method (according to Fridvald’s formula)

VLDL cholesterol

Calculation method

Table 2. Sorption of lipid profile components by various forms of anion exchangers with onium base

groups
m, umol/g
o= o
=
Ll 212 la~|5~
+ = 43 - < < <
N | sorbent y 2 92| E|20]|8 8 gl slelslels
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1 2 3 4 5 6 7 8 9 10 11 12 13 |1 14 | 15 | 16 | 17 | 18
1 JAMX-1 (OH) 3.15| 7.90 | 224 | 419 | 1.47 | 565 | 880 | 1.87 | 252 | 3.92 | 5.7 |26.7| 7.4 |26.1|11.3|25.7
2 JAMX-1 (CI) 3.09( 7.06 | 1.98 | 3.63 | 145 | 508 | 817 | 1.83 | 256 | 4.12 | 5.7 |27.1| 7.4 [25.8]|11.2|24.7
3 |AMX-1(HCO3)|2.87| 6.79 | 2.01 | 3.42 | 1.37 | 479 | 7.66 | 1.70 | 2.39 | 3.82 | 5.5 |22.4| 7.2 |21.5[10.8|20.7
4 QP (OH) 2.02| 321 | 045 | 184 | 091 | 275 | 477 | 406 | 6.06 | 105 |45[1.0|59|-0.3|88 [-1.8
5 QP (CI 113 1.75 | 0.31 | 0.89 | 055 | 144 | 257 | 290 | 470 [ 840 |46 |23|6.0[13|9.0|04
6 |QP (HCO3) 051) 131 |1 034 | 074 | 023 | 097 | 148 | 217 | 283 | 433 [46]119]6.0[19]91]19
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Figure 1. Structural formulae of sorbates: 1 — cholesterol, 2 — triglyceride

PERIODICO TCHE QUIMICA=www.periodico.tchequimica.coms Vol. 16 N. 31.

+ ISSN 1806-0374 (impresso) « ISSN 1806-9827 (CD-ROM) « ISSN 2179-0302 (meio eletronico)

© 2019. Porto Alegre, RS. Brasil

604



—CH=CH;=|,

CHa N HzCaH4OH X

HQ

CHa- H2N+ e
CzH;'DH
3

HO

Scheme 1. Presumed reaction of complex (3) formation for the sorption of cholesterol (2) by

AMX-1 anion exchanger (1)

PERIODICO TCHE QUIMICA=www.periodico.tchequimica.coms Vol. 16 N. 31.
* ISSN 1806-0374 (impresso) « ISSN 1806-9827 (CD-ROM) ¢ ISSN 2179-0302 (meio eletrénico)
© 2019. Porto Alegre, RS. Brasil 605



—CH=CHy— |,

CHa-N"H2CaHyOH X

1

——CH-CH,— |,
_—
)
00

X \,[/
CHaz-HzNt-. ... 0
|
HOH,C» OWW

3

Scheme 2. Presumed reaction of complex (3) formation for the sorption of triglyceride (2) by

AMX-1 anion exchanger(1)

Equation 1

AMX-1: [Pol-N*H2C2H4OH][X]
QP: [Pol-P*(CsH7)s][X],
where [X] = OH, CI or HCO3
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