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Abstract

Introduction. Microencapsulation is one of the promising areas for obtaining new dosage forms. The peculiarity of microencapsulated forms is
that the substance is protected from the effects of various environmental factors that can cause their destruction (acidity of gastric juice, the effect
of food, joint intake of other drugs, diseases of the gastrointestinal tract, etc.). This method is used for various groups of drugs, such as antibiotics,
nootropics, vitamins, probiotics, anticonvulsants, enzymes. Particular attention should be paid to antibacterial drugs, since the possibility of
microencapsulation solves one of the most important problems in antibiotic therapy - the resistance of microorganisms.

Text. The purpose of the review is to analyze modern research in the field of microencapsulation, to study trends and directions for the creation
of microcapsules with high activity and bioavailability and with minimal side effects. The article provides brief information and main conclusions
on the development of techniques and selection of conditions for microencapsulation of individual medicinal substances, on the study of
polymers of various natures for use as carriers, on the methods of forming double shells of microcapsules, and also investigated the efficiency of
microencapsulation of biologically active substances, such as antibacterial preparations, substances of plant and animal origin and preparations
from various pharmacological groups. Variants of microencapsulation techniques for specific compounds that are suitable for substances similar in
composition and action, as well as methods for creating microcapsules with double shells for compounds insoluble in water, are presented.
Conclusion. The article shows the achievements and prospects of using microencapsulation of medicinal substances and their advantages over
standard dosage forms. The active introduction of the developed methods into production will allow the creation of new dosage forms with
known medicinal substances that have a prolonged effect, which will reduce the frequency of use of the drug, as well as retain their activity under
the influence of negative factors of the internal environment of the body. Also, in the form of microcapsules, the substances are more active in
comparison with non-encapsulated substances.
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Peslome

BBeAeHMe. MMKpOKancynMpoaaHme — OAHO M3 NepcneKkTUBHbIX HaI'IpaBJ'IeHVIVI nonyyeHna HOBbIX NeKapCTBEHHbIX (I)OpM. OcobeHHOCTb
MUKPOKaNCynMpoBaHHbIX GOPM 3aK/iouaeTcss B TOM, YTO BELECTBO 3alUULLEHO OT BO3LENCTBMA PasnnyHbiX GpaKTOPOB OKpy»atolein cpefbl,
KOTOpbl€ MOTYT Bbi3BaTb X pa3spylleHne (KI/ICﬂOTHOCTb KenynoyHoro Coka, BnMAaHne nmwn, COBMeCTHbIVI npuem apyrnx npenapatos, 3a60ﬂ€BaHVIF|
XKenyaouyHO-KNLWEYHOro Tpakta u T. I'I.). ﬂ,aHHbIPI MeTo4 NPpUMeHAETCA ANA Pa3NNYHbIX rpynn npenapaTtos, TaKNX Kak aHTVI6I/IOTVIKVI, HOOTpOM.bI,
BUTaMVHbI, NPOGUOTUKN, NPOTMBOCYAOPOXKHBIE Mpenapatsl, depmeHTbl. Ocoboe BHUMaHWe crefyeT yaennuTb aHTnbakTepuanbHbIM NpenapaTam, Tak
KaK BO3MOXHOCTb MUKPOKanNcynnpoBaHNA peLllaeT OgHy 13 Ba)KHeI?ILIJI/IX npo6neM Tepanun aHTVI6VIOT|/IKaMI/I — PE3NCTEHTHOCTb MUKPOOPraHN3mMoB.
Tekcr. Llenb 0630pa — aHan3 COBPEMEHHDbIX VICCﬂe,qOBaHVIPI B obnactun MUKPOKancynmpoBaHusA, nsyyeHne TeH,quLlVIPI n Hal'lpaBJ'IEHVIVI no co3aaHuto
MUKPOKanCys C BbICOKOW aKTUBHOCTbIO M BMOAOCTYNHOCTHIO Y C MUHMManbHBIMU NOGOYHBIMU 3PdeKTamu. B cTaTbe NPUBOAATCA KpaTKue cBefeHuUs
N OCHOBHbI€ BbIBOAbl MO pa3pa60TKe MeToaunK " I'IOﬂ60py yCﬂOBI/IIZ ANA MUKPOKancynnpoBaHUA HANBUAYaNbHbIX NeKapCTBEHHbLIX BeLeCTB,
no N3yyeHWto NonmmepoB pa3J'IVIHHOI7I npupoabl anA ncnonb3oBaHNA B KayecTBe Hocvn'eneﬂ, no cnoco6am (I)OpMVIpOBaHVIﬂ JJ,BOI7IHbIX obonouek
MI/IKpOKaI'ICyﬂ, a TaKXe nccnenoBaHa 3¢¢eKTI/IBHOCTb MI/IKpOKaI'ICyﬂVIpoBaHI/IFI 6I/IOJ10I'VILIeCKI/I aKTMBHbIX BelWecTB, TaKNX Kak aHTm6aKTep|/|aanb|e
npenapartbl, BewecTBa PacTUTESIbHOINO N XMUBOTHOIO MPOUCXOXAEHUA, N MpenapaToB N3 pasyiInyHbIX CbapMaKOﬂOFI/NECKI/IX rpynn. anBe,El,eHbl
BapuaHTbl METOANK MUKPOKaNCyNMpoBaHNA AN1A KOHKPETHbIX COG,D,I/IHEHVIVI, KOTOpble NOAXOAAT ANA CXOAHbIX MO COCTaBy U ,D,ePICTBVIIO BewecTs, a
TaKxXe Cnocobbl CO3AaHUA MUKPOKANCYN C ABOVHbIMM 060/10UKaMK A1t HEPACTBOPUMbIX B BOAE COEANHEHUIA.
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3aknioueHune. B craTbe nokaszaHbl AOCTUXKEHMS U MEPCreKTMBbl MCMOSIb30BAHUS MUKPOKANCYNIMPOBAHUA NEKAPCTBEHHbIX BEWECTB U KX
npenmyLLecTBa nepes CTaHLAPTHbIMY NEKapCTBEHHbIMY Gpopmamu. AKTUBHOE BHeApPeHWe pa3paboTaHHbIX METOAWK B MPOV3BOACTBO MO3BOAUT
co3fjaTb HOBble NeKapCTBEHHblE GpOPMbl C M3BECTHBIMM NIEKapCTBEHHBIMI BELLECTBaMU, 0bnafaloWwmmy NMPONOHIMPOBaHHbIM AENCTBUEM, UTO
MO3BOJINT COKPATUTb KPATHOCTb MPUMEHEHVS MPenaparta, a TakKe COXPaHSAILMMM CBOK aKTUBHOCTb MOA BAUSHMEM HEraTuBHbIX GakTopoB
BHYTPEHHeN cpefbl opraHu3mMa. Takxke B Gopme MUKPOKarNCyn BeLLecTBa NPOSBSIOT 60MbLUYI0 aKTVBHOCTb B CPAaBHEHWU C HE3aKanCynvpOBaHHbIMU
BeLlecTBaMu.

KnioueBble cnoBa: MUKPOKANCyNpoBaHue, NOMMEP, MPONIOHMMPOBAHHAA NIEKApPCTBEHHAN pOpMa, aHTNOAKTepUasbHbIE NpenapaTsl, PepMeHTbI,
[BOMHAA 060/104Ka, ABOMHbIE IMYNbCUI, GUOJOCTYMHOCTb, BbICBOGOXAEHE

KOH¢J’IIIIKT MHTepecoB. ABTOPbI AEKNAPUNPYIOT OTCYTCTBUE ABHbBIX M NOTEHLMANTbHbIX KOH¢HVIKTOB NHTEPECOB, CBA3aHHbIX C ny6n|/|KaLw1e|7| HacToALwen
cTaTbn.

Bknap aBTopoB. [0. A. [TonKoBHUKOBa ocyLlecTBMAa 0630p Ny6avKauuii, HanncaHne TeKcTa PyKonmncK, NpoBepKY KOHEUHOW BEPCUM PYKOMUCH U
nepesoa. H. A. Koanésa caenana 063op ny6nukauuii, opopmieHme pykonmcu.

Ana untuposaHus: MNonkosHukosa 0. A., Koanésa H. A. CoBpemeHHble 1cCnefoBaHNUA B 06N1acTi MUKPOKanNcynmpoBaHua. Paspabomka u
peaucmpayus nekapcmeeHHbix cpedcms. 2021;10(2):50-61. https://doi.org/10.33380/2305-2066-2021-10-2-50-61

INTRODUCTION One of the first technologies of microcapsule pro-
duction is coacervation or phase separation. Coacer-
vation is a process of formation of high molecular com-
pounds enriched with a dissolved substance in a solu-
tion. As an example, production of tocopherol acetate
microcapsules can be given. Water soluble compounds -
mixture of gelatin and gum acacia serve as polymers. In
acetic medium, gelatin gets a positive charge and in-
teracts with gum acacia, and forms polyelectrolyte coa-
cervation complex. While cooling slowly, white charcoal
is introduced and dehydrated with isopropyl alcohol,

dried. Microcapsules with particle diameter 100-200 um

Microencapsulation of active pharmaceutical sub-
stances (APS) has been actively investigated. A great
number of studies devoted to the selection of microen-
capsulation conditions for certain APS, particularities of
pharmacological action of drug products, their release
and bioavailability, selection of polymers for microen-
capsulation and their influence on a substance, deve-
lopment of methods for APS encapsulation, quantitative
and quantitative analysis of microcapsules have been
carried out.

The particularity of microencapsulated forms is

that a substance is protected from exposure to various
environmental factors which may cause their destruction
(acidity of the gastric juice, food effect, concomitant
administration of drugs, gastrointestinal diseases, etc.). In
such a form, a drug product achieves a target organ with
maximal bioavailability.

The method is used for various drug products such as
antibiotics, nootropics, vitamins, probiotics, anticonvul-
sants, enzymes, etc.

CONDITIONS
FOR MICROCAPSULE PRODUCTION

Adequate conditions for microcapsule production
for each object, depending on its physical-chemical
properties should be selected [1].

are produced.

Based on microcapsules, such dosage forms as tab-
lets, suspensions, subcutaneous implants can be pro-
duced [2].

TYPES OF POLYMERS-CARRIERS

The selection of a polymer for micro-encapsulation
plays a great role. As a coating, alginate sodium is often
used — water soluble and biodegraded polymer. It is often
used as antacid agent, as well as anticoagulant in food
industry. APS microencapsulation in alginate sodium was
investigated. Formation of coating around developing
microcapsules when alginate sodium is introduced as
calcium salt, and ion-linked microgels of alginate calcium
occur (figure 1).
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Figure 1. lon-crosslinked calcium alginate microgels

Such drug substances as acridone, furacylline,
tetracycline, dibazole and metronidazole were used.
The best results of acridone microencapsulation were
obtained with ultrasonic dispersion of the mixture which
allowed to reduce time for microcapsule production,
to increase the number of obtained microcapsules, as
well as to improve physical-chemical characteristics
of a substance to be microencapsulated. The analysis
of the effect of a diluent effect showed that product
yield was greater with ethanol used rather than with
acetone. The magnetic vortex method was used for
microencapsulation, as when an ultrasonic disperser
was used then reaction mixture was overheated, and
a thin dispersion was coagulated. The test results have
shown that individual process conditions should be
selected for each encapsulated substance. pH effect on
furacylline sedimentation was investigated. With the
increase of medium pH, stability of aqueous dispersions
is increased [3].

Along with alginate sodium as a coating polyvinyl
(PVA) (PVP)
used. These are water soluble polymers used for

alcohol and polyvinylpyrrolidone are
microencapsulation of water insoluble compounds such
as antibacterial agents. The bioavailability is increased
in water soluble form. Using the method of polymer
sedimentation on a substance surface by diluent change,
microcapsules of derivative acridone -
acridone with antibacterial, antiviral and antineoplastic
activity were obtained. Using IR-spectroscopy method, it

was established that the substance was within the capsule

4-carboxy

and absent on the surface. The analysis of antibacterial
activity of microcapsules of 4-carboxyacridone has
proven that the activity of the encapsulation did not

different from reference activity. The investigation
confirms that PVA and PVP coatings do not reduce activity
of an encapsulated APS, and its full introduction within a
polymer protects from the exposure of hazardous factors
of body internal environment [4].

Water soluble polymers are also widely used for
microencapsulation - cellulose esters such as acetyl
cellulose, ethyl cellulose and nitrocellulose. The methods
for APS encapsulation with their use were developed. It is
represented by microencapsulation of acridine acetic acid
with antiviral, immunostimulatory and anti-inflammatory
action. Microcapsules are produced with the physical-
chemical method using polymer re-precipitation. As a
precipitation agent, aqueous acetone solution is used,
the precipitation within occurs not so actively, and a
dense polymer membrane is formed on the surface.
The method of IR spectroscopy has established that
particles of an encapsulated substance are absent on the
membrane surface. UV spectrophotometry is used for the
assay. Nitrocellulose microcapsules are characterized with
the largest yield [5].

PRODUCTION
OF MICROSENCAPSULATED FORMS
OF ANIMAL CELLS AND TISSUES

Microencapsulation of animal cells allows not only to
reduce immunogenicity but also to prevent migration of
encapsulated cells. Alginate/poly-L-lysine microspheres
are most often used for microencapsulation of such
cells [6].

Cells are placed to a solution of alginate sodium,
and microcapsules are produced with calcium chloride
solution due to formation of an ion-linked complex.
The obtained microcapsules are placed to poly-L-lysine
solution forming their outer coating. The interaction
between positively charged amino groups of poly
-L-lysine and free negatively charged alginate groups
underlies the process. The membrane thickness is
regulated by concentration of poly-L-lysine. The obtained
microcapsules should be retained in alginate sodium
solution for neutralization of free positively charged poly-
L-lysine amino groups.

The main method for hypothyroidism treatment is
oral administration of thyroid hormones. The method
has several disadvantages including low bioavailability
and adverse effects. The study on microencapsulation of
pig thyroid cells as the method for substitution of thyroid
hormones was carried out. The polymer in which the
tissue is embedded prevents penetration of antibodies
which allows to implant organoids with thyroid cells.
Thyroid gland cells are separated and encapsulated to



alginate-poly-L-lysine-alginate microcapsules with the
microfluoride device. The method principle is described
above on the example of alginate-poly-L-lysine-alginate
microcapsules. The study results have shown that the
release of thyroxin from encapsulated cells was higher
than the one from non-encapsulated ones (P < 0.05) and
remained throughout the experiment period (>28 days).
The results suggested that microencapsulated organoids
of pancreatic cells may have potential for the use in
therapy and/or drug screening [7].

Overcoming immunogenicity and refusal from im-
munosuppressive agents in microencapsulation of
tissues was proven in the study on immunoisolation
of auricular chondrocytes by rat pancreatic islets
(CMl-islet). The obtained microcapsules were treated
with glucose. The study has shown that cells are able to
release the sufficient amount of insulin in accordance
with glucose concentration. Compared to naked islets
they reacted better. Insulin secretion was confirmed
within 100 days which indicates survival and secreto-
ry activity.

Using microencapsulation of pancreatic islets with
cells of the recipient ear cartilage, long-term insu-
lin secretion may be supported, and reaction to glu-
cose problems may be improved. The new immuno-
dilution technology differs from other methods of
immunoisolation as donor tissue is embedded to a
recipient’s tissue which allows transplanted cells to
be recognized as recipient’s cells. The microencapsu-
lation method may lead to the development of sus-
tainable methods of xenotransplantation not using
immunosuppressants [8].

In one of the studies, albumin microcapsules
with lisozyme were obtained. The aim of microencap-
sulation is to decrease immunogenicity. To produce
microcapsules, albumin solution was chemically cross-
linked with glutaric dialdehyde, then APS - lysozyme
was added. To prevent cross-linking of APS with al-
bumin matrix, the excess of glutaric dialdehyde was
neutralized with sodium bisulfite. The process was
finished with spray drying. The evaluation of bioac-
tivity confirmed that lysozyme preserved its proper-
ties and activity The studies in vivo have shown the
absence of increase of antigen-specific serum IgG
level which indicates biosafety and biocompatibility of
cross-linked albumin matrix [9].

IMMOBILISATION OF ENZYMES
WITH MICROENCAPSULATION METHODS

Microencapsulation is used not only for APS but
also for various enzymes. The study on immobilization
of thiamine kinase from pig liver was carried out. The
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study has established that enzyme immobilization to a
hydrophobic carrier based on butadiene rubber increases
its stability and thermal resistance. Hydrophilic coating
from cellulose nitrate due to nitro group with a negative
charge accumulates near positively charged thiamine
molecules and magnesium cations which decreases their
contents near a catalytic enzyme center. Therefore a
hydrophobic carrier of thiamine kinase may be used as a
drug product with a prolonged action [10].

Also, a study was carried out on the encapsulation
of pepsin in a 10% solution of maltodextrin. To carry out
microencapsulation of enzymes, a special apparatus was
developed in which jet dispersion was carried out. This
apparatus differed from those previously developed in
that due to the diffusion of maltodextrin into the enzyme,
its high long-term activity is ensured. The microcapsules
obtained with this apparatus were evaluated for
proteolytic properties and activity. Analysis of the
research results showed that the thicker the maltodextrin
layer, the longer its initial activity remains. It was
confirmed that maltodextrin provided a high hardness of
the capsule walls, which makes it possible to use only this
substance as an effective encapsulating material without
additional additives [11].

Transglutaminase (TG) is an
that increases hardness, viscosity and water-binding
capacity by catalyzing the cross-linking of proteins.

important enzyme

Obtaining a microencapsulated form of TG allows
maintaining the enzyme activity for a long time. In the
study, the TG enzyme was microencapsulated using
freeze-drying. Covering — beckons, gum arabic and
casein. Optimum conditions: homogenization speed -
11200 rpm, homogenization time — 1.27 min, a mixture
of mannitol, gum arabic and casein in a ratio of 38.2,
40.2 and 21.6 %, respectively. The residual activity of
the microencapsulated TG enzyme was determined by
photocolorimetry. It was 93 %, and the uncoated enzyme
was 64 % under the same conditions. Since this parameter
is an important characteristic of the enzyme, it can be
concluded that the use of freeze drying contributes to the
preservation of TG activity [12].

MICROCAPSULES - NEW DOSAGE FORM
KNOWN DRUGS

The creation of microencapsulated forms is used for
nootropic APIs. In addition to the selection of process
conditions, a comprehensive analysis of the resulting
product is carried out. In this area, a computer was carried
out. lexical study of alginate-chitosan microcapsules with
vinpocetine. Microcapsules were obtained by extrusion
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using sodium alginate of various concentrations as a
polymer, as well as a medium viscosity chitosan solution.
The alginate complex was crosslinked with a calcium
chloride solution according to the mechanism described
above.

The rock capsules were placed in a chitosan solution,
where the molecules formed a polyelectrolyte alginate-
chitosan complex due to the interaction between the
amino groups of chitosan and free, unbound calcium
ions, carboxyl groups of sodium alginate. Complexation
occurs by the mechanism of electrostatic interaction
between oppositely charged functional groups. The
method of atomic force microscopy was used to compare
microcapsules with and without a chitosan shell. As
a result, it was found that the surface of the particles
has characteristic differences with an increase in the
concentration of alginate natrya (Figure 2).

It was determined with spectrophometry method
that microencapsulation efficiency was maximal in
concentration of alginate sodium 2.5 % (86.8 %) (fi-
gure 3).

The greatest release of vinpocetine was observed
in samples with concentration of alginate sodium 1%
(41.7 %), but the gradual APS was found in concentration
2.5% which allowed to use the microcapsules for
production of drugs with a prolonged action.

As a result of complex studies it is established that
microcapsules can be used in production of capsule
dosage forms [13].

Microencapsulation methods are used for produc-
tion of drugs with a prolonged action. The study was
carried out on the example of simulated compounds -
o-crezoacetic and acridione acetic acids - with immu-
nostimulatory and antiviral action. Coating - poly-
mer Eudragit® L100 representing cation co-polymer of
metacrylic acid, methyl methacrylate (1:1). APS release
kinetics was investigated with the spectrophotometric
method. It was established that the longest release time
was observed with the use of carboxymethylcellulose
(192 h) and guar gum (168 h). The study confirms that
it is possible to produce drugs with a prolonged action
using the polymers [14].

The production of microcapsules of ursodeoxycholic
acid (UDCA) was developed. The study aim was to
develop oral UDCA microcapsules for patients with 1
type diabetes mellitus. UDCA for microencapsulation
was taken as a suspension in concentration 1 mg/ml.
As a matrix, 2 % solution of sodium alginate was used.
lons were cross-linked with 2% calcium chloride
solution. The obtained microcapsules were tested

0,5%

1,5%

2%

2,5%

Figure 2. Three-dimensional AFM images of the surface of
microcapsules with different concentrations of sodium alginate
treated with a solution of chitosan (A) and without chitosan (B) at
a scanning area of 5 x 5 microns?

on 3 equal groups of mice: 1-st took UDCA; 2-nd -
empty microcapsules; 3-rd — UDCA microcapsules. The
experiment showed that UDCA microcapsules led to
the decrease of the increased glucose level in blood,
decrease of inflammation and change of concentrations
of primary and secondary gall acid. UDCA has a direct
protective action on pancreatic B-cells [15].

The studies on dutasteride microencapsulation -
a drug for treatment of prostate gland diseases were
also carried out. Ethyl cellulose in ratio with the drug
1:1, 1:3 and 1:5 was a polymer. APS and ethyl cellulose
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Figure 3. Dependence of the microcapsulation efficiency on the
concentration of sodium alginate

were dissolved in dichloromethane, then emulsified
in an aqueous solution of polyvinyl alcohol (PVA) to
produce homogeneously sized microcapsules with.
The size of obtained microparticles was 95-119 um
with good efficacy and release. With the method of
Fourier spectroscopy, it was established that hydrogen
bond was formed between APS and the polymer. The
type of interaction increases solubility of hydrophobic
molecules of dutasteride which, in its turn, increases
its release and bioavailability. Considering physical-
chemical properties and molecular interactions of
substances, microcapsules with assigned properties and
release intensity may be produced [16].

Embedding of substances to microcapsules allows
not only to increase bioavailability and decrease pro-
bability of adverse effects but also to mask unpleasant
taste of drugs. The prominent example is encapsula-
tion of an allergic agent - cetirizine dihydrochloride -
to chitosan nanoparticles. To produce microcapsules,
the method of ionotropic gel formation with further
spray drying was used. Chitosan in concentration
0.5-2.0 % was produced by dissolution in diluted ace-
tic acid. APS was dissolved in the solution with a mag-
netic mixer till a homogeneous mixture was obtained.
To form ionic gel, tripolyphosphate sodium was ad-
ded to the mixture. Microcapsules were formed as a
result of interaction of negatively charged phosphate
groups of tripolyphosphate sodium and positive-
ly charged amino groups of cetirizine. The obtained
microcapsules had a smooth surface and diameter
0.5-5 um. It was established with HPLC that efficiency
of encapsulated APS was about 70 % regardless of ce-
tirizine concentration and APS/polymer ratio. To deter-
mine degree of the release, microcapsules were dried
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with spray drying, placed to a membrane with size
pore 8 kDa with phosphate buffer solution and incu-
bated at 37 £ 0.5 °C for 12 hours. Then a high level of
the substance release within first two hours, and then
deceleration and gradual elimination of the remaining
component was found with HPLC method. The me-
thod is applicable for APS with a good solubility in
water as aqueous solution of chitosan is used for mic-
roencapsulation process, and the substance within
should dissolve [17].

MICROENCAPSULATION OF PROBIOTICS

The studies on the possibility of microencapsulation
of probiotics were carried out. For that, enteric soluble
copolymer Eudragit® L100 and product containing strains
of probiotic microorganisms were used: Bacillus subtilis,
Bacillus licheniformis. Microcapsules were produced with
the physical-chemical method of polymer re-precipita-
tion on the surface of an encapsulated substance via
diluent substitution. Carrier — Polysorb® and oil base. As
a qualitative analysis of microcapsules, the presence of
nitrogen containing compounds was established which
proved the protein presence. The study confirmed the
possible use of copolymer Eudragit® L100 for microencap-
sulation of probiotics [18].

Probiotic bacteria Lactobacillus plantarum were mic-
roencapsulated in a biocomposite consisting of alginate
sodium, pectin and gelatin (1.06, 0.55 and 0.39 %, respec-
tively). The obtained microparticles showed a greater
survival of bacteria by 88.66 % compared to non-encap-
sulated bacteria. Then microcapsules containing a pro-
biotic and fatty acid — docosahexanoic acid (DHA) were
analyzed. The results confirmed that bacteria were fully
captured by the matrix, and DHA increased smoothness
of particle surface. It was established with the method of
Fourier spectroscopy that hydrogen bonds were formed
between the nucleus from alginate-pectin-gelatin comp-
lex and DHA. It allowed to provide thermal stability of
such microcapsules compared to the bacteria not embed-
ded to microcapsules [19].

MICROENCAPSULATION

AS THE METHOD

TO OVERCOME RESISTANCE
TO ANTIBACTERIAL DRUGS

Microencapsulation is actively used for antibacte-
rial drugs. As antibiotics should be administered seve-
ral times a day (orally and/or parenterally), and as they
have as a rule low bioavailability, embedding of the sub-
stances to microcapsules allows to solve such problems.
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In this field, the study on microencapsulation of such
antibacterial drugs such as oxytetracycline and ceft-
riaxone, to double coatings including two types of poly-
mers: water soluble (alginate sodium, polyvinyl alcohol
and polyvinylpyrrolidone) - outer coating and water
insoluble (acetyl cellulose) - inner coating was carried
out. The use of inner water insoluble coating allows to
provide various rate of APS release varying microcap-
sule sizes. Outer water soluble coating protecting from
exposure to negative factors, increases APS bioavaila-
bility. Acetone solution of acetyl cellulose was adminis-
tered to antibiotic suspension and precipitated on APS
surface due to a gradual addition of distilled water
(diluent substitution). Then the second coating was
formed with the addition of aqueous solution of algi-
nate sodium or PVA (PVP) adding a saturated solution of
sodium chloride (to achieve full precipitation).

With the method of IR-spectroscopy, the presence
of all components in microcapsules is established, as
well as layer-by-layer application of polymers to APS is
confirmed. The yield of antibiotics from microcapsules
with PVA and alginate sodium is higher than the one with
PVA (ratio 1:1:1). The use of double coatings provides
a prolonged drug action and optimal therapeutic
concentration of a drug substance in blood [20].

Nowadays, there is the trend of bacterial resistance
to administered antibacterial drugs. Due to that, one of
the treatment methods for infectious diseases is pha-
gotherapy. The microencapsulated form of the bacterio-
phage on the model of Klebsiella bacteriophage was de-
veloped. The bacteriophage was pre-concentrated for
100 times with the method of membrane ultrafiltration.
As a carrier, sodium alginate was used. Microcapsules
were produced with several methods. In the first case,
the hydrogel with bacteriophage based on alginate
sodium in concentration 0.25 to 3 % dispersed to drops
of various size was instilled to vaseline oil (dispersion
medium). Cross-linking was performed with chloride
calcium, and the coating hardened. The obtained
microcapsules were 26 to 300 pm in dimensions. In the
second case, microencapsulation was performed similarly
but not using alginate sodium. The size of microcapsules
was 66 to 1250 um. It is not appropriate to use the
second method as such microcapsules were of irregular
form, had unsatisfactory technological characteristics
(flowability, dosing uniformity). Microcapsules produced
on a polymer carrier with concentration 1.0 to 2.0 % have
optimal technological characteristics. Then stabilizers
for a bacteriophage were selected. The best stability
was observed in the presence of sugars — sorbit, lactose,

mannit and methylcellulose. The next stage — selection
of drying type and mode. It is experimentally established
that a vacuum single drying at moderate vacuum depth
is the most optimal. The standardization was performed
by the parameters: appearance, moisture, average
weight and deviation from average weight, lytic activity.
Pharmacological activity of developed microcapsules
with Klebsiela bacteriophage was evaluated in vitro
in a beaker with magnetic vortex for liquid Klebsiela
bacteriophage and in the laboratory identifier of
degradability process for an microencapsulated product.
The studies have shown that microcapsules with a
bacteriophage after exposure to acidic medium have a
greater bioavailability than a bacteriophage in a liquid
dosage form. The production of a microencapsulated
bacteriophage form with enteric soluble coating allows
to use it for production of complex drugs or as a drug
product alone [21].

During the study, microencapsulation technology
was used for the increase of phage resistance to
physiological conditions, and the obtained microcapsules
were tested in the media simulating body conditions.
Bacillus subtilis, Salmonella enterica subsp were used
for this purpose. Phages Enterica serovar Typhimurium
(Salmonella Typhimurium) were isolated from various
sources and then microencapsulated to 1.33 % alginate
sodium solution with spray drying to minimize damage
of the physiological environment. The stability of
microcapsules in the simulated gastric fluid and gall salt
environment was investigated. To examine stability in
gastric environment, the solution consisting of 0.2 %
solution of sodium chloride and pepsin, with pH 2.4 was
prepared, microcapsules were added and incubated at
temperature 37 °C. Samples were withdrawn at 0, 15, 30,
60 and 90 minutes of the incubation. Phage titers were
determined with the method of two-layer agar. The
maximal decrease of the titer of encapsulated phages
shown after two-hour incubation was 2.29 logarithmic
units for phage B. subtilis, 1.71 logarithmic unit for
phages S. Enteritidis and 0.60 logarithmic unit for phages
S. Typhimurium, meanwhile free phages lost their viability
even after 15-minute incubation. To examine stability
in gall salt environment, microcapsules were placed to
2% gall extract and incubated at 37 °C. Samples were
withdrawn in the first and third hours of incubation. A
titer was determined like in the gastric environment. It
was found that microencapsulation increased phage sta-
bility in gall salt environment — after three hours of incu-
bation, the difference between titers of microencapsu-
lated phages and free phages may achieve up to three
logarithmic units [22].



The study was published which was devoted to pro-
duction of microparticles containing rifampicin, with
polymer poly(3-hydroxybutirate-co-3-hydroxyvalerate)
for oral administration. The selection of the polymer
is associated with its good biocompatibility and bio-
degradability. Microparticles of poly(3-hydroxybuti-
rate-co-3-hydroxyvalerate) with rifampicin were pro-
duced with the method of emulsification and diluent
evaporation where as diluent and emulsifier, chloroform
and polyvinyl alcohol are used, respectively. Micropar-
ticles were produced in the range of sizes 20-60 pm
with the change of primary concentrations of poly(3-
hydroxybutirate-co-3-hydroxyvalerate), polyvinyl alco-
hol and rifampicin. With the method of UV-spectropho-
tometry, the value of encapsulation efficiency of 14 %
was obtained. The evaluation of antimicrobial activity of
microcapsules showed the same inhibition of Staphylo-
coccus aureus growth like the one of free rifampicin incu-
bated for 20 and 24 h, but toxic effects manifested to a
lesser extent. To evaluate release kinetics, microcapsules
were incubated at 36.5+ 0.1 °C in a phosphate buffer
medium. The concentration was determined spectro-
photometrically at wavelength 473 nm. It was estab-
lished that almost 90 % of product loaded to micropar-
ticles was released in 24 hours [23].

With microencapsulation, a new prolonged dosage
form of furacilin was developed. The drug substance
was embedded to a double coating consisting of
copolymer Eudragit® L100 (inner coating) and PVP, and
PVA (outer coating). It is inner coating that provides a
prolonged APS release. Microcapsules were produced
with the method of re-precipitation of the polymer (1 %
acetone solution of Eudragit® L100) on APS surfaced with
diluent change (dimethylformamide/distilled water). The
obtained dispersion was left for one day at temperature
0-5 °C. Then the second coating was produced with
the addition of 2% aqueous PVA or PVP solution. For
complete precipitation, a saturated solution of sodium
chloride was added to the obtained mixture. It was
dispersed with a magnetic mixer and dried in a drying
cabinet. As a result of the study of release kinetics with
the method of UV-spectroscopy (maximum at 367 nm), it
was established that complete furacilin release occurred
in 140 hours. According to the quantitative analysis, APS
was fully within a microcapsule. With the method of IR-
spectroscopy, layer-by-layer polymer application to
furacilin was confirmed. The use of the method allows
to influence the rate of APS release from microcapsules
changing coating thickness [24].
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PRODUCTION OF MICROENCAPSULATED
FORMS OF MEDICINAL PLANTS

Prospectiveness of studies on microencapsulation of
APS derived from medicinal plants should be stated. The
study object is oil extract of carotinoids from the tunic of
purpur ascidian. The particularity of encapsulation of oil
extracts is the development of methods for production
of stable emulsions not flaking for a long time. As a
polymer, alginate sodium was used, outer coating -
chitosan. Microcapsules were produced with the
method of extrusion. The cross-linking was performed
with calcium chloride solution. Chitosan forms a
water soluble polyelectrolyte complex by interaction
between free carboxyl groups of alginate and inherent
amino groups. It is appropriate to use alginate
sodium/chitosan pair for the increase of solubility of
microcapsules by chitosan and gradual APS release by
alginate sodium which increases APS bioavailability. To
optimize emulsification and improve emulsion structure
and stability, it was ultrasonified. Owing to that, the
emulsion has an optimal structure and lowest viscosity
which allows to produce microcapsules of the smaller
size. Therefore, the method of microencapsulation of
carotinoid oil extract can be used for production of oil
extracts of other plants [25].

Oil from unroasted coffee grains is widely used for
cosmetic purposes. Production of its microencapsulated
form is of interest for improvement of antioxidant
activity exposed to the light, heat and oxygen. Acacia
gum was a polymer, production method - spray drying
Obtained microcapsules
had a spherical form with smooth surfaces which

of oil-aqueous emulsion.
confirms appropriateness of the use of acacia gum
as an encapsulating material. With the active oxygen
method (adapted from conductometry), the established
antioxidant activity was significantly higher compared
to reference antioxidant a-tocoferol, and compared to
pure oil, 7 and 3-fold increase of activity was observed.
The results indicate the prospective industrial use of the
method of coffee oil microencapsulation [26].

Guarana is well-known for its nutritional and phar-
maceutical potential, and semi-purified guarana extract
has antidepressant and antipanic action. However, low
solubility, bioavailability and stability of the semi-puri-
fied extract limit its use as a component of pharmaceu-
tical agents. The delivery of the semi-purified extract
as microparticles may help in optimization of its stabi-
lity. In this study, microparticles containing semi-puri-
fied guarana extract were produced with the method of
spray drying with the combination of gum acacia (GA)
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and maltodextrin (MD) in ratio 30:70, 40:60 and 50:50.
The solution of the extract and GA/MD dispersion,
mixed separately for 20 min. Then the extract solution
was added to GA/MD dispersion, mixed for about 5 min
and spray dried. The drying technology: input tempera-
ture 190 °C, aspiration 80 %, pressure 2 Bar, pump from
6 %, outlet temperature 120-130 °C. The technology of
spray drying and the selected processing conditions
gave satisfactory efficiency of encapsulation (80-110 %)
and product yield (55-60 %). The average diameter of
microparticles was about 4.5 um. DPPH ability to radi-
cal blowing showed that microparticles may protect
semi-purified guarana extract from exposure to high
temperatures as antioxidant ability was maintained.
The dissolution studies in vitro show that all prepara-
tions fully dissolve within 60 min. Microencapsulation
has improved technological characteristics of pow-
ders and preserved antioxidant properties. The study
has demonstrated the appropriateness of production
of the microparticles for one-stage process with spray
drying. The composition of each product influenced
physical-chemical characteristics. The method of spray
drying can be used as an effective and economical ap-
proach to production of the semi-purified extract of
guarana microparticles [27].

The study on microencapsulation of lavender oil to
protect oil components from evaporation was carried
out. To produce microcapsules, the mixture of gum
acacia and maltodextrin was used as a polymer, and
spray drying was the method used. The method of
spray drying is similar to the one for guarana extract.
The size of obtained particles was 12.42 +£1.79 pm,
microencapsulation efficiency — 77.89 %. The obtained
data shows that the mixture of gum acacia and
maltodextrin as a polymer protects lavender oil from
evaporation of components [28].

One of the problems for the use of herbal products
is a bitter taste. To solve the problem, microencapsula-
tion is used. The study of encapsulation of quercetin to
carnauba wayx, shellac or zein with the method of hot
melt extrusion showed that microcapsules dissolved
significantly to a lesser extent in saliva at pH 6.8 com-
pared to pure quercetin. The complex, correspondingly,
masks well a taste in the order of zein > carnauba wax >
shellac. The bitterness analysis in vitro with the elect-
ronic tongue confirmed a good taste masking effica-
cy of microencapsulated powders. Therefore, thermal
extrusion microencapsulation may become an attractive
method for production of biologically active powders
with taste masking [29].

MICROENCAPSULATION OF VITAMINS

The study was carried out to examine stability
of microencapsulated ascorbic acid in the simulated
gastrointestinal tract in vitro and influence of microen-
capsulated acid on iron bioavailability. As covering
materials, polyglycerol monostearate (PGMS) and me-
dium-chain triacyl glycerin (MST) were used, and as
main materials, L-ascorbic acid and ammonium iron
sulfate. When ascorbic acid is microencapsulated
with MST, the release of ascorbic acid was 6.3 % at
pH 5 and 1.32 % at pH 2 in simulated gastric fluids for
60 min. When ascorbic acid was encapsulated by PGM,
then more ascorbic acid was released in the range
of 9.5 to 16.0 %. For comparison, the release of as-
corbic acid covered by MST and PGM was significant-
ly increased by 94.7 and 83.8 %, correspondingly,
within 60 minutes of incubation in artificial intestinal
fluid [30].

a-tocoferol is a well-known fat soluble antioxidant
and widely is used in food industry for stabilization of
free radicals. Its introduction to food and stability is an
additional problem as a-tocoferol directly added tends
to be inactivated by food components. The study was
aimed to optimize the conditions for encapsulation of
a-tocoferol combined with alginate sodium (0.5, 1.0, 1.5
and 2.0 %) as the main wall material and pectin (2.0 %)
as a carrier. Solutions of pectin and alginate sodium were
mixed till a homogeneous mixture was obtained. As an
emulsifier, tween-80 and 1% tocoferol solution were
added. The resulting mixture was further homogenized
for 30 minutes on a homogenizer. A stable emulsion was
poured with a needle to 5% calcium chloride solution.
Microcapsules were rinsed with water and maintained
at room temperature for 24 hours (syringe method).
Efficiency of a-tocoferol encapsulation established with
HPLC to microcapsules produced in optimal conditions
was 52.91 % with the use of alginate sodium 1.5 % and
pectin 2.0 %. a-tocoferol was encapsulated with an
encapsulating unit in standard conditions and compared
with the syringe method. Greater efficiency (55.97 %)
of encapsulation was found in microcapsules prepared
with the encapsulating unit and 52.11 % in microcapsules
prepared with the syringe [31].

DOUBLE EMULSIONS - PRODUCTION
AND STABILISATION METHODS

Microencapsulation of biologically active substances
with the method of double emulsions is applicable for
hydrophilic substances. Emulsions are stabilized by
polyelectrolytes are conversely charged surfactants
to increase surface activity. Complexes of chitosan



and XathanGum (xanthan gum) were prepared with
the mixing of solutions of individual compounds with
various concentrations. The compounds interacted due
to formation of ion bonds between positively charged
chitosan molecules (amino groups) and negatively
charged XanthanGum (carboxyl groups). The solutions
were used in 24 hours after mixing. Emulsions were
prepared with ultrasound. The resulting emulsions had
interphase tension at the border of phase separation
which was measured with tensiometry. Interphase
steady-state surface tension was decreased with the
increase of polymer concentrations in a diluent. The use
of the polycomplexes allows to produce microcapsules
with a high enzymatic resistance. As a result of the studies
it is established that the use of complexes Chitosan-
XanthanGum is appropriate for production of a stable
double emulsion [32].

For microencapsulation of biologically active sub-
stances, surfactants of various chemical nature are used,
and cation and anion polyelectrolytes are also selected.
Due to that, the study on microencapsulation of rose-
mary oil with the method of double emulsions was car-
ried out. For oil microencapsulation, two types of po-
lyelectrolytes were used: positively charged (cation)
chitosan and negatively charged (anion) gums (xanthan,
guar, acacia). APS was mixed with the surfactant, and
cation (chitosan) and anion (gum) polyelectrolytes were
alternatively introduced to the preparation. To establish
the influence of polyelectrolyte nature on aggregative
stability of the emulsion, zeta potential was measured. As
a result, it was determined that emulsions with xanthan
and guar gums were stable for 30 days, zeta potential
was -25.86 and -19.66 mV, correspondingly. Emulsions
with gum acacia were not unstable, and precipitation
was observed within 24 hours (zeta potential -0.66 mV).
Correspondingly, the higher was zeta potential of
anion polyelectrolyte, the more stable would be the
emulsion [33]. For microencapsulation of biologically
active substances, surfactants of various chemical nature
are used, and cation and anion polyelectrolytes are also
selected. Due to that, the study on microencapsulation
of rosemary oil with the method of double emulsions
was carried out. For oil microencapsulation, two types of
polyelectrolytes were used: positively charged (cation)
chitosan and negatively charged (anion) gums (xanthan,
guar, acacia). APS was mixed with the surfactant, and
cation (chitosan) and anion (gum) polyelectrolytes were
alternatively introduced to the preparation. To establish
the influence of polyelectrolyte nature on aggregative
stability of the emulsion, zeta potential was measured.
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As a result, it was determined that emulsions with
xanthan and guar gums were stable for 30 days, zeta
potential was -25.86 and -19.66 mV, correspondingly.
Emulsions with gum acacia were not unstable, and
precipitation was observed within 24 hours (zeta
potential —-0.66 mV). Correspondingly, the higher was
zeta potential of anion polyelectrolyte, the more stable
would be the emulsion [33].

The method was developed for microencapsula-
tion on anti-tuberculosis drugs with the technology of
covering with polyelectrolyte multilayers and investi-
gation of solubility of microcapsules with pH values si-
mulating various regions of the gastrointestinal tract.
To produce microcapsules, polymers were used - gellan
(1 and 3 %), pectin (1 and 2 %) and alginate sodium (2
and 3 %) were used. To obtain multilayers, cation po-
lyelectrolyte — chitosan and anion polyelectrolytes -
dextrane sulfate and Eudragit® S. APS - isoniaside,
pirasinamide, moxifloxacine hydrochloride were se-
lected. The method for microcapsule production -
ionotropic gel formation. The polymer solution was
heated with APS up to 90 °C, and the resulting mix-
ture was introduced by drops to 1% calcium chloride
solution. In 10 minutes, microcapsules were rinsed
with distilled water and air dried. The contents of
pyrazinamide and moxifloxacine was established
with the method of UV-spectrometry, the contents
of isoniaside - with the method of bromatometry. At
pH=74, APS release from microcapsules, without
multilayers applied, was about 30% of the active
ingredient within 4 hours, about 50 % within 8 hours,
over 80 % within 12 hours. The prolongation was 12 hours
which provided the presence of therapeutic drug doses
during a day. Anti-tuberculosis drugs with the control-
led intestinal release can be produced with the me-
thod [34].

CONCLUSION

Microencapsulation is the perspective method for
production of resistant and prolonged dosage forms.
Drug substances as microcapsules have a greater bioavai-
lability, stability exposed to gastric acidic environment, as
well maximum delivery to the target organ. Production
of microcapsules with antibacterial drugs as the problem
of microorganism resistance to existing drugs and dosa-
ge forms is rather challenging. Meanwhile, microencap-
sulation process is rather labor consuming and requires
prior preparation of all components, as well as selection
of adequate conditions.
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