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The aim of this research is the review of scientific and technical literature regarding possibility of using sorption processes
in the technology of drug delivery systems. Materials and methods. The materials are the following electronic resources:
eLIBRARY, CyberLeninka, PubMed. The methods of review are analysis and synthesis. The study covers the scientific literature
from 1996 up to the present time. Results. Sorbents are used as carriers for various medicinal peroral substances, they are also
dispensers of various compounds in the form of polymeric eye films and stents in the human body. The delivery of medicinal
substances occurs with the help of sorption processes of mass transfer. Currently, the following medical substances are
used as carriers for medicinal substances: activated carbon, mineral sorbents (medical clays, synthetic sorbents), polymers
and their biosimilars. 6 groups of pharmaceutical substances are registered for the production of enterosorbents in Russia
and they can be used as sorbent carriers in the sorption drug system. They are: activated carbon, colloidal silicon dioxide,
polyvinylpyrrolidone, dioctahedral smectite, polymethylsiloxane polyhydrate. As a result of the study, the model of the sorption
drug system has been developed. It consists of sorbent carrier, active pharmaceutical ingredient and excipients that provide
the desorption. Desorption of the active pharmaceutical ingredient may contribute to its modified release. The technology for
obtaining sorption medicinal systems requires further study and development of modeling methods, searching for experimental
pharmacological models and technological methods, which make it possible to obtain sorption dosage form with modified
release. Conclusion. The review of the sorption processes used in the technology of drug delivery systems has been carried
out. The model of the sorption drug system has been developed.
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J1eKAPCMBEHHBIX 8eujecms NPOUCXOOUm npu NOMOWU COpOYUOHHBIX NPOYecco8 macconeperoca. B ponu nocumeneii ona pas-
JUYHBIX Bewyecms UCHONb3VIOMCS Cledyloujue cOpOeHmyl: AKMUBUPOBAHHDIL Y20lb, MUHEPATbHbIE COPOEeHMbL — MEOUYUHCKUE
2IUHBL, CUHMemuYecKue copoenmpl — noaumepsl u ux ouoaranro2u. B Poccuu 3apecucmpuposaro 6 epynn gpapmayesmuueckux
cybcmanyuil, npeOHA3HAYEHHbIX 0I5l NPOU3B00CMEA IEKAPCMBEHHBIX NPENAPAmMo8 SHMePOCOPOEHMOs, KOMopble 603MONHCHO
UCNONB308AMb 8 KAuecnee COpOEHMA-HOCUMENS. 8 COPOYUOHHOU IeKAPCMBEHHOT cUcmeMe. aKMUBUPOBAHHDBIU Y20Ilb, KPEMHUSL
OUOKCUO KONTOUOHDBILL, NOTUBUHUTNUPPOIUOOH, CMEKMUM OUOKMAIOPUHECKUll, NOTUMEMUICUIOKCana noaueuopam. Paspabo-
mana mooenb copoYUOHHOU 1eKAPCMBEHHOU CUCIEMbl, COCMOAWASL U3 COPOEHmMa-HOCUMENs, AKMUBHO20 hapmayesmuiecko-
20 UHSPEOUEHMA U 6COMOSAMENbHBIX Gewecms, 0becneuusaowux oecopoyuro. [lecopbyust akmusHo20 apmayesmuiecko2o
uHepeouenma Modicen cnocobcmeosams e2o MOOUPUYUPOBAHHOMY 8bLc80D0NCOeHUI0. TexHonous nonyueHus CopoOYyUOHHBIX
JIeKAPCMBEHHbIX cucmem mpebyem OanbHeliuie2o U3yieHus u paspabomku Memooos MoOenuposanus, NOUCKA SKCHepUMeH-
MATLHBIX PAPMAKONOSUHECKUX MOOCNEU U MEXHOLOSUYECKUX MEMOOUK, NO3GOIAUIUX NOLYHUMb COPOYUOHHYIO IEeKAPCMBEH-
Hy1o ghopmy ¢ moouguyuposannvim 8viceobodicoenuem. 3axnouenue. Ilposeden 0630p UCNONBL308ANUS COPOYUOHHBIX NPO-
yeccos 8 mexHono2uu cucmem OOCMABKU NEeKAPCMBEHHbIX 8eujecms, paspabomana mooenb coOpOYUOHHOU NeKapCmBeHHOU
cucmembl.

Kniouesvie cnosa: copbyuonnas 1ekapcmeeHnas cucmema, MOOUPUKayus 8bic8000iCOeHUs, OCHMABKA NeKAPCMBEHHbIX Ge-

wecme

INTRODUCTION
According to the information of Ministry of Health,
in 2016 there were 237 million cases of registration of
various diseases per 146.8 million people in Russia [1].
The statistical indicators show a high overall morbidity
of the population. National security of the country,
among other things, implies pharmaceutical security,
i.e. the availability of drugs produced in Russia, which
is impossible without the introduction of high-tech
domestic developments in this area. Currently, specialists
are faced with the task of developing and introducing
new active pharmaceutical substances, developing new
formulations of dosage forms of various directions of
action, improving the production technology of dosage
forms. These areas are the main ones in the state program
“Strategy for the development of the pharmaceutical
industry of the Russian Federation for the period up
to 2020”. The existing range of active pharmaceutical
substances on the Russian pharmaceutical market is
represented mainly by foreign manufacturers. Domestic
development to improve the technology of obtaining new
dosage forms are lagging behind foreign ones [2].
The development of a new dosage forms in
pharmaceutical technology are going on in two directions:
1. development of new dosage forms with
improved characteristics (release modification,
low percentage of side effects) based on
clinically approved substances. The actual
direction is the study and use of mass transfer
processes of drugs to modify their release;
2. development of new pharmaceutical ingredients
and traditional dosage forms based on them [3, 4].
The promising direction in the development of drug
delivery systems is the use of sorption technologies.
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Sorption methods can be used to inject medicinal
substance (MS) into the sorbent under the conditions
of reversibility of the process and desorption of the
medicinal substance into the organism. The sorbent is
pre-saturated with the necessary medicinal substance and
the system is used in the desorption mode [5]. A medical
substance has a large active area on the sorbent carrier due
to the sorption of the monomolecular layer. This effect
can reduce the dosage of the medicinal substance while
maintaining therapeutic activity. The resulting sorption
drug system can perform the function of the transport for
delivering medicinal substance to the body.

THE AIM of this research is review of scientific and
technical literature on the possibility of using sorption
processes in the technology of drug delivery systems.
The set up a problem are as follows: to review the use
of sorption processes in the technology of drug delivery
systems; to develop the sorption drug system model.

MATERIALS AND METHODS

The materials are the following electronic resources:
eLIBRARY, CyberLeninka, PubMed. The methods of
review are analysis and synthesis. The study covers the
scientific literature from 1996 up to the present time.

RESULTS AND DISCUSSION

Modern pharmaceutical technology has the problems,
the solution of which will be the new ways of developing
effective drugs. The subject of the study is the dosage
form with optimal bioavailability and a target action.

Currently, dosage forms are classified into three
generations by therapeutic effect (Ischenko V.I., 2016):

1. traditional dosage forms are characterized by

systematicity and periodicity of the action, in
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which the major part of the injected substance is
metabolized and does not reach the target;

2. dosage forms with systemic action and modified
drug release (transdermal therapeutic systems,
delivery systems based on sorption processes of
mass transfer);

3. dosage forms characterized by target action in
organs, tissues, cells and even in cell structures
and controlled release (liposomes).

Traditional dosage forms are characterized by the
immediate and uncontrolled release of drugs. Promising
dosage forms are those with modified release and
characterized by changes in the mechanism and nature
of the release of medicinal substance [6]. Modification
of medicinal substance release can be achieved in the
following ways:

1. technological and nanotechnological ways mean
the production of micro-size dosage forms,
production of nanoscale dosage forms with a
directed effect on a biological target;

2. physical-chemical ways mean the use of
excipients that alter the solubility, absorption,
distribution or elimination, as well as the
formation of complexes or changes in the
structure of the drug molecule [4, 7, 8].

Technological methods of modification consider
sorption drug systems in which the drug is physically or
chemically bound to a solid carrier in order to modify
its release during subsequent desorption. Sorption
drug system will reduce the dosage and frequency of
drug administration. In this aspect, biopharmaceutical
research on the creation of a new-generation of drugs is
of particular relevance.

There are several ways to obtain sorption medicinal
systems:

1. joint dispersion of drugs with a solid carrier in
mills of various types. Grinding a polymer when
it is used as a solid carrier can be done in the low
temperature range, since it increases its ability
for abrasion;

2. mixing drugs with a solid carrier in solvent
medium, followed by removal of the solvent by
evaporation [9].

Polymeric sorption systems with modified release
of active pharmaceutical ingredients is the structure in
which the polymeric carrier and the drug are in the com-
plex with physiological activity and regulated pharma-
cokinetics [10-11]. In gastroenterology, dried cultures
of living bacteria — probiotics — are widely used. The
biomass of live bacteria adsorbed on the stone activat-
ed carbon is improved by dosage forms with respect to
traditional lyophilized probiotics.
sorption probiotics is represented in Russia by the fol-

The nomenclature of

6

lowing medicinal preparation: “Bifidumbakterin Forte”,
“Probifor” and “Florin Forte”. The technology of produc-
ing probiotic preparations is based on sorption processes
aimed at sorption of microorganisms with activated car-
bon. Sorption ensures the survival of microorganisms in
the acidic environment of the stomach, interaction with
the parietal layer of the intestinal mucosa and an increase
in the therapeutic effect [12, 13].

The carbon-mineral sorbent “SUMS-1” with bi-
fidobacteria immobilized on its surface, showed a high
adsorption activity and the probiotic therapeutic effect
[14]. When immobilized on the “SUMS-1", the sorbent
polysaccharide from fucoidan algae, the elution of the
latter into an aqueous solution was 50+£10%. Combined
dosage forms for enteral use have shown high efficacy in
the treatment of burn wounds. [15, 16]. “SUMS-1" with
an immobilized fibrinolysis inhibitor can be recommend-
ed in complex therapy for the treatment of inflammatory
periodontal diseases [17].

Experimental studies of the treatment of burns and
purulent wound surfaces have shown the effectiveness of
using vulneororption by sorption medicinal systems with
antibiotics [18—20] and herbal remedies [21-23].

Clinical observations of the last decades indicate
side effects of antibiotics, and therefore interest in silver
preparations is renewed. Silver-containing sorbents (SI-
AL-S), which showed good detoxifying and antioxidant
properties have been developed [24]. Experimental stud-
ies indicate that «SIAL-S» sorbent may be an implant
to fill in bone cavities, while maintaining osteoreparative
properties in an infected wound [25].

The adsorptive immobilization of inulinase on ul-
tra-crosslinked sorbents makes it possible to reuse the
heterogeneous biocatalyst obtained in the enzymatic
production of fructose. Protein adsorption was carried
out on the polymeric sorbent [26], mesoporous silica
[27].

In Babanina et al [28], methods for obtaining med-
ical clays intercalated with Analgin and Amoxicillin are
presented, as well as the influence of the synthesis meth-
ods (coprecipitation and hydration) on the degree of in-
tercalation and the kinetics of release of active anions are
considered. The advantages and disadvantages of using
medical clays for oral drug delivery, prolongation of the
release and purposefulness of the action of the medicinal
substance included in the structure of medical clays, a ra-
tional choice of the type of clay as a carrier of medicinal
substances are reflected in the works by different scolars
[29-32].

The development of carbon sorption drug nanosys-
tems for use in veterinary practice and the study of their
physicochemical and toxicological properties are pre-
sented in Pyanova et al [33].
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Polymer carriers, in addition to their use in gastro-
enterology, are widely used in ophthalmology and sur-
gery [34]. The method of obtaining films and capsules by
alternating adsorption of oppositely charged polyions in
order to obtain sorption medicinal systems based on chi-
tosan, alginates and albumin are presented in Makarevich
et al [35-36].

The sorption drug system has been developed in the
form of a contact lens with a prolonged therapeutic effect
with the use of computer programming. The dynamics of
adsorption and desorption of the drugs have been con-
sidered, the time of saturation and therapeutic effect of
the lens, i.e. the wearing time during which the drug was
transported from the lens and exerted therapeutic effect
has been determined [37—41].

The technology of creating the polymer-doxorubi-
cin drug sorption system is presented in [42—43]. Sorbed
doskorubitsin on the surface of the polymer stent slows
down crystallization of bile. Polycaprolactone polymer is
a carrier of doxorubicin and is effective in the treatment
of cancer.

Researchers from Helsinki University and the Institute
of Theoretical and Experimental Biophysics of the Russian
Academy of Sciences have created a bone carcass based on
hydroxyapatite, gelatin, polypyrrole and mesoporous silica.

The carcass contains adsorbed antibiotics which suppress
the infection in the damaged bone and help cells-reducers
to work. The adsorption of antibiotics allows them to stretch
their release from the carcass to 4 months [44].

Thus, the use of polymers as bases for sorption
drug systems is aimed at obtaining controlled pharma-
cokinetics of sorbed drugs [45]. The release of drugs is
due to the processes of mass transfer of drugs from the
surface of the polymer. When creating polymer sorption
drug systems, the polymer is chosen on the basis of the
following properties: biocompatibility, biodegradability,
physical properties, porosity, specific surface, type and
pore volume, which make a controlled release of the drug
possible. Currently, polymeric sorption drug systems are
used in the development of materials for stents, ophthal-
mic films, as well as other systems with targeted drug
delivery [46-51].

The review of the literature has shown the wide-
spread use of sorption processes in the technology of
drug delivery systems. The following sorbents are used
as carriers for various substances: activated carbon, min-
eral sorbents (medical clays) synthetic sorbents (poly-
mers and their combinations). Fig. 1 shows the recom-
mended structure of the sorption drug system (sorption
drug system — “SDS”).

Sorption drug
system "SDS"

| |
Active | Release
Sorbent-carrier pharmaceutical | controlling
ingredient — API | Excipient

Figure 1. Structure of the sorption drug system

The structure of the sorption drug system consists
of a sorbent carrier, an active pharmaceutical ingredient
and excipients that provide desorption. Desorption of
the active pharmaceutical ingredient may contribute
to its modified release. This effect provides a constant

Tom 7, Beinyck 1, 2019

therapeutic concentration, the known release rate,
elimination of side effects, and stability augmentation
[52-54].

Fig. 2 shows the pharmacokinetic model of drug
release according to the dose.
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Therapeutic range-

4-12 mg/ml

«=@-=Single dose

Double dose

Blood concentration, mg/ml

Time, hour

=== Controlled
release

Figure 2. Pharmacokinetic model of drug release

As Figure 2 shows, the dosage form with controlled
release is rational, as the active substance is able to
have a clinical effect with a pharmacokinetic profile

that is different from the one achieved with the use of

Gastrointestinal tract

Blood system

. -Sorbent

<> -Immobilized substance

e h——=

the dosage form with immediate release at a single or
double dosage.

Fig. 3 shows the mechanism of the sorption drug
system action of the use per os.

e oo

<SS o

Figure 3. Mechanism of the sorption drug system action of the use per os

As Fig. 3 shows, the sorption drug system desorbs
immobilized drug, which, accumulating near the intestinal
wall, is absorbed into the blood when ingested into the
gastrointestinal tract. The use of carrier sorbents will allow
modification of drug release. The following factors may
influence the release of drugs: the surface structure of the
sorbent carrier, the concentration of drugs in the carrier, type
of dosage form, surface area, pore size, adsorption activity.

In the technology of obtaining sorption medicinal
systems for use per os, it is possible to use only
registered pharmaceutical substances with an adsorption
pharmacological action. Based on the analysis, the
following groups of pharmaceutical substances permitted
for use in medical practice, were identified (Table 1)
[55-56].
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Table 1. Characteristics of the main groups of sorbents

Ne Group Characteristic Specific
surface area
1 2 3 4

Obtained from stone coals by cleaning and steaming to increase porosity. It

1 i, 2
I Activated Carbon has a highly developed microporous surface 1,5-200 m*/g
Prepared from mineral raw materials by purification. It has a mesoporous ub to 600
2 Dioctahedral Smectite surface. Due to the structure of the crystal lattice it has an ion-exchange P 2/
ability g
3 Colloidal Silicon Prepared from highly dispersed silica. It shows sorption properties on the up to 400
dioxide surface in the places of silicon oxide bonding with hydroxyl groups m?/g
4  Hydrolyzed Lignin Obtained by alkaline processing of lignin. It has a macroporous structure up to 20 m?/g
5 g e Prepared synthetically from the monomer vinylpyrrolidone. Possesses ion- 200-400 m?/g

exchangeable capability

Polymethylsiloxane-
polyhydrate

Prepared by polycondensation of methylsilicic acid hydrogel. It has a
silicone porous structure. Sorbs medium molecular substances.

180-300 m*/g

As Table 1 shows, the 6 groups of pharmaceutical
substances are registered in Russia and used in the
manufacture of enterosorbents. The following sorbents
can be used as carriers: activated carbon, dioctahedral
smectite, colloidal silicon dioxide, polyvinylpyrrolidone
and polymethylsiloxane polyhydrate. Sorbents have
different specific surface indicators. This indicator
characterizes the amount of sorption processes on their
surface, they can occur simultaneously. Hydrolyzed
lignin is obtained in the form of secondary raw material
after hydrolysis of hardwood and softwood. Lignin has a
macroporous structure.

Medical refined clays are used as carriers, using
surface hydroxyl groups for sorption of organic
substances, as well as active centers inside the crystal
lattice for sorption of inorganic substances. Currently,
developed polymer sorption drug systems have limitations
in vivo due to the biodegradation processes, unexplored
metabolism, low solubility or insolubility and toxicity.
To solve these problems, additional studies of polymers
as carriers for sorption drug systems are required.
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