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Introduction

Today, in the pharmaceutical industry, the
problem of developing new technologies for
creating drugs with desired properties to increase
the efficiency of their action and reduce side
effects is becoming more urgent. One of the
promising and popular development methods is
the microencapsulation method.

Microencapsulation allows you to enhance the
therapeutic effect, improve the pharmacokinetic
profile, increase bioavailability, and at the same
time, reduce the side effects of pharmaceuticals, as
well as increase chemical and conformational

stability. Synthetic (polyacrylates,
polydioxanones, and polycaprolactones) or
natural polymers (lipids, proteins, and

polysaccharides), or a combination thereof, are
used as material for the microcapsules formation.
The physicochemical characteristics of the created
microcapsules (size, stability, and number of
layers) depend on a number of factors, including
the pH of the medium, surfactant, temperature,
etc. Interest in natural polymers is due to the fact
that they are not toxic, do not cause allergic
reactions, their decay products do not accumulate
in the body, and can be removed from it or
participate in further metabolism. Biopolymers
effectively interact with cells, which increases the
productivity of their action. In addition, naturally
occurring  polyelectrolytes
functional groups that easily enter into chemical
reactions.

Fucoid is a sulfated heteropolysaccharide isolated
from brown algae that are widespread in the seas
of polar and temperate latitudes. Fucoid has a
number of important characteristics such as the
prevalence and availability of polysaccharide
source. This polysaccharide is isolated from
brown algae that are widespread in the seas of the
polar and temperate latitudes. In addition, it has a
wide

have reactive

range of biological activity and is
anticoagulant [1], antitumor, immunomodulatory
[2], antibacterial, [3],
inflammatory [4] agents. A number of scientific

studies [5-7] showed that the polysaccharide

antiviral and anti-

induces apoptosis and inhibits angiogenesis,
metastasis and invasion of various cancer cells, i.e.
it is a potent antigenic and anticancer agent,

promising for cancer therapy .Thus, under the
action of fucoid, a significant decrease in vitro
viability of B16 melanoma and carcinoma cells
inhibits their growth.

But at the same time, from viewpoint of the
physics of solutions, fucoid has the ability to gel
formation, self-organization, and can act as a
stabilizer and emulsifier. With a deeper study of
the properties of fucoid, its fields of application
are also expanding. It is possible to single out such
areas as therapy of infectious diseases, therapy of
diabetic retinopathy, etc. Microcapsules formed
with the use of fucoid can be used for the delivery
of biologically active substances. There is further a
high probability of an increase in the biological
activity of polysaccharide itself, due to the fact that
in solution, it is in a free state and can easily
change its conformation, while in microcapsules,
the structure is fixed and can contribute to a more
effective interaction with the studied objects [8].
There are many works aimed at studying the
conditions for the
protein/polysaccharide complexes [8-10], and
only a small number of them investigate
BSA/fucoid conjugates [11, 12]. The driving force
behind the formation of polyelectrolyte
protein/polysaccharide = complexes is  the
electrostatic interaction between oppositely
charged biopolymers. The completeness of
formation of complexes, their solubility depends
on pH, ionic strength of the medium, and the
protein/polysaccharide ratio [2]. Microstructure
Fucoid tourism facilities can be used to deliver a
variety of substances, with few restrictions on
their chemical nature, properties, and molecular
size, which provides a unique opportunity to solve
In this work, the
formation possibility of microcapsules by layer-
by-layer adsorption of biopolyelectrolytes on
carriers of inorganic and polymeric nature is
considered as the obtained microcapsules, shape,
and quantitative yield of formed particles. Fucoid
was used as a high molecular weight polyanion,
polycation-bovine serum albumin (BSA), matrices

formation of

many medical problems.

were CaCOs3, and polystyrene microparticles.

The degree of protein inclusion (SRB) and the
yield of the obtained microparticles (BM) were
calculated using the formulas, the quantitative
protein determined
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spectrophotometrically the Bradford

method:

using

ml 2
SRB = * 100%

Where, m1 is the initial mass of the protein, m2 is
the mass of the unincorporated protein. VM was
calculated as a percentage of the polymers weight
used for their formation:

m2
VM = — % 100%
ml

Where, m1 is the initial mass of polymers in
solution, m2 is the mass of microparticles that do
not contain a nucleus. Microparticles were
visualized using a Motic optical microscope.

Results and Discussion

The polysaccharide used in this work is a
weakness with a lie electrolyte and the degree of
its dissociation strongly depends on the pH of
medium. It is known that a fucoid solution has a
maximum negative charge at pH 7. Therefore, a
polysaccharide solution with an appropriate pH
was prepared. Polyelectrolyte microcapsules
were obtained by sequential adsorption of
negatively charged F and positively charged BSA
on carbonate and polystyrene microparticles due
to the surface of carbonate matrices has a positive
charge [13], and polystyrene ones - negative [14],
and then BSA was applied in the first layer at pH
7.4, and then F with the formation of a
polyelectrolyte The  sequential
application was repeated until the required
number of layers was reached. Removal of the
nucleus from the microcapsules formed on the
CaCO3 matrix was carried out using 0.1 M HCI, due
to which, in addition to dissolve the core, the pH of
the system was lowered to 4, which led to the
formation of a denser F/BSA complex. Thus, a
gradual decrease in the pH of the system initially

complex.

leads to the interaction of amino groups of the
protein and the side chains of fucoid with the
formation of a soluble protein/polysaccharide
complex, a further decrease in pH leads to charge
neutralization, and an insoluble complex is
formed. When pH 4 is reached, the structure of the
complex is densified due to the maximum
interaction of protein-polysaccharide [15]. The
polystyrene core was removed by treating the
resulting particles with THF. The resulting
microcapsules and microparticles had a shape
close to spherical. Removing the core resulted in a
resizing the multilayer particles (Figure 1).
Therefore, the size of microparticles formed on
polystyrene matrices, before removal of the core
was within 3.65 + 0.8 pum, and the diameter of the
microcapsules was 2.79 £0.5 um. When using a
carbonate matrix up to and after removing the
core, the diameter of the obtained multilayer
microcapsules did not change significantly and
amounted to 4.10 + 0.9 um and 3.98 + 0.6 um.
Determination of SRB protein was carried out
spectrophotometrically according to the Bradford
method. The yield of polyelectrolyte complex was
determined by weight method. It was found that
the nature of matrix used for their formation
affects the yield of multilayer microcapsules. Thus,
microcapsules formed by layer-by-layer
adsorption on a carbonate matrix had a higher
yield (47.73 * 0.33%) than microcapsules formed
on a polystyrene matrix (38.26 * 0.13%).
Likewise, the degree of protein incorporation
depends on the type of carrier. The use of the
CaCO3 matrix led to a more efficient incorporation
of the protein and amounted to 73.33 + 0.43%. The
observed increase in the yield of microcapsules,
formed on a carbonate matrix, as well as a higher
degree of protein inclusion can be associated with
the porosity of surface of carbonate particles and
associated sorption processes.
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Figure 1: (a) Microcapsules formed on a carbonate matrix (microcapsules I) and (b) microcapsules formed on a
polystyrene matrix (microcapsules II)
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Figure 2: The degree of protein incorporation (SRB) and the yield of microcapsules (BM) when using matrices of
different nature
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Conclusion

As a result of the work, multilayer microcapsules
were used based on natural polymers (BSA/F)
using inorganic and organic matrices. The
resulting microcapsules had a shape close to
spherical, with varying sizes before and after the
removal of nucleus, which was proved using the
method of dynamic light scattering. In addition,
the quantitative yield of microcapsules was
studied as well as the degree of protein inclusion.
It was found that the considered parameters are
significantly influenced by the nature of the matrix
applicable for the formation of microcapsules,
which may be associated with the porosity of the
surface of inorganic nuclei
sorption processes.

and associated
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