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The aim of the investigation is to study morphological, technological and biopharmaceutical properties of alginate-chitosan
microcapsules with Vinpocetine.

Materials and Methods: Alginate-chitosan microcapsules with different concentrations of sodium alginate (0.5%, 1%, 1.5%,
2%, 2.5% and 3%) and a medium viscosity chitosan solution (0.25-0,5%), as well as microcapsules not treated with a solution
of chitosan, were obtained. The surface morphology was studied by methods of atomic-powered microscopy with the use
of an NT-MDT Corporation probe scanning microscope (model Solver P47 Pro). To study biopharmaceutical properties of the
obtained microcapsules, the “Rotating Basket” apparatus was used.

Results: It has been found out that the microcapsules not treated with a chitosan solution, have a smooth, transversely
striated surface with large heights and deep cavities. With an increase in the concentration of sodium alginate, the surface
becomes smoother, the peaks become larger, higher and wider, the cavities get deeper and more sinuous. The microcap-
sules treated with a chitosan solution, on the contrary, have a rough surface, low heights and shallow cavities, and with an
increase in the concentration of sodium alginate, the surface becomes rougher, the heights are evenly distributed along the
microcapsule. The spectrophotometry method was used to determine the efficiency of microencapsulation and the release
rate of Vinpocetine from the microcapsules per unit time. When the concentration of a sodium alginate solution is 2.5%, the
efficiency of microencapsulation is maximum (86.8%). At this concentration, saturation occurs and with its further increase,
the efficiency decreases. The maximum release rate of Vinpocetine from microcapsule samples is observed when the con-
centration of a sodium alginate solution is 1%: it amounts to 41.17%.

Conclusion. The amplitude parameters of the microcapsules surface are different at different concentrations. There is a pat-
tern of alternating signs of asymmetry and excess in the samples with chitosan. With a change in the scale of scanning, the
surface characteristics of the microcapsules change. The most distinctive details of the structure are visible at the scale of 2 x
2 um?. At the concentration of sodium alginate of 2.5%, the efficiency of microencapsulation is maximum (86.8%). Studying
the effect of the concentration of a sodium alginate solution on the release rate of Vinpocetine from the microcapsule sam-
ples has shown that at the concentration of 1%, the release rate is 41.17%, and at the concentration of 2.5% it is 4.5%. These
microcapsules can be used in order to produce capsules with modified release.
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Lienb: nsyyeHne mopponornyeckmnx, TEXHONOrMYecKMx n brodapmaLLeBTUYECKUX CBOMCTB aNbrMHAT-XMTO33aHOBbIX MUKPO-
Karncysa ¢ BUHNOLETUHOM.

Martepuanbl U meToabl. MonyyeHbl aIbIMHAT-XMTO3aHOBbIE MUKPOKANCY/Ibl C Pa3/IMYHOM KOHLEHTPALMEN HAaTPUA anbrMHaTa
(0,5%, 1%, 1,5%, 2%, 2,5% v 3%) 1 pacTBOPOM XMTO3aHa cpeaHel BA3KocTH (0,25—0,5%), a Tak»Kke MUKpoKancynbl, He 06pabo-
TaHHble PacTBOPOM XMTO3aHa. UccnenoBaHna MophoorMm NoBEPXHOCTU NPOBOAUANCH METOLOM aTOMHO-CUI0BOM MUKPO-
CKOMUM C NOMOLLbIO CKaHMPYIOLWEro 30HA0BOIO MUKpPOCcKona Kopnopauun NT-MDT mogenu Solver P47 Pro. Ona usyveHun
61odapmaLeBTUUECKMX CBOMCTB MUKPOKANCY/ MCMOIb30BaACA annapaT «Bpawatowwanca Kop3mHKa».

Pe3ynbTratbl. YCTaHOB/IEHO, YTO MUKPOKAMCy/bl, He 06paboTaHHbIE PAaCTBOPOM XMTO3aHA, MMEIOT FNaAKYH, MONepeyHo uc-
YepyeHHYI0 MOBEPXHOCTb C KPYNHbIMU BbICOTamMK U Iy6oKMMUK BnaguHamu. C yBesiMYeHNneM KOHLEHTPaL MU HAaTPUA anbrm-
HaTa NOBEPXHOCTb CTaHOBUTCA Bosiee rafKom, MUKK — KpynHee, Bbile U Wupe, BnaguHbl — rybxke n 6onee M3BUAUCTBIMM.
MuKpoKancynbl, 06paboTaHHble PAaCTBOPOM XMTO3aHa, HAMPOTUB, UMEIOT LIEPOXOBATYI0 NOBEPXHOCTb, HEOO/bLUNE BbICOTbI
1 HernyboKue BNaamHbl, U C YBEUYEHNEM KOHLLEHTPALMM HATPUA anbrMHaTa NoBEPXHOCTb CTaHOBUTCA bosee LWepoxoBa-
TOW, BbICOTbI PABHOMEPHO pacnpesenatoTcs B MUKpoKancyne. Metogom cnektpodotomeTpun onpegeneHa sdppekTMBHOCTb
MWKPOKANCYIMPOBaHUA U CTENEHb BbICBOOOXKAEHUA BUHMOLETUHA U3 MUKPOKANCYN B eANHULY BpemeHU. MNpu KoHLeHTpa-
LMW pacTBOpa HaTpuUA anbrmHaTa 2,5% 3pdeKTMBHOCTbL MUKPOKANCYIMPOBaHUA MakcMMmasbHa (86,8%). Mpu AaHHOW KOHLEH-
TPaLMKU NPOUCXOAUT HACBILWEHME U NPU €€ fanbHellem yBennyeHnm sdpPpeKTUBHOCTb CHUXKaeTcA. MaKkcMmanbHas cTeneHb
BbICBOOOXKAEHUA BUHNOLETMHA HabntogaeTca U3 ob6pasL,oB MUKPOKANCYA C KOHLEHTpaL e pacTBopa HaTpUA anbrMHata 1%
u coctasnset 41,17%.

3akntoueHne. AMNAUTyAHbIE NapameTpbl MOBEPXHOCTU MUKPOKAMNCY1 UMEIOT OT/IMYMA NPU Pa3HbIX KOHUEeHTpaumax. Cyuie-
CTBYET 3aKOHOMEPHOCTb YepesoBaHMA 3HAKA aCUMMETPUMU U IKcLecca Y 06pasLLoB C XMTO3aHOM. Mpu U3MEHEHUU MacLuTa-
60B CKAaHNMPOBAHMA NMPOUCXOLUT USMEHEHNE XaPAKTEPUCTUK NOBEPXHOCTU MUKpPOKancyn. Hanbonee YETKO OTANUYUTENbHDIE
[AeTanu CTPYKTYypbl BUAHbI MPU MacluTabe 2x2 MKM2. Mpu KOHLEHTPaLUUKN HaTpusa anbrmHata 2,5% 3ddeKTMBHOCTb MUKPO-
KancynnMpoBaHUA MakcumanbHa (86,8%). Mpu U3yvyeHUU BAUAHUM KOHLEHTPALMM pacTBOpa HATPUA anbrMHaTa Ha CTeneHb
BbICBODOOXKAEHUA BMHMOLLETUHA M3 06Pa3LLOB MUKPOKAMCY/N YCTAHOBAEHO, YTO MPU KOHLEeHTpauun 1% creneHb BbicBOOO-
*aeHua coctasnfeT 41,17%, a npu 2,5-4,5%. [laHHble MUKPOKaNcy/bl MOXXHO MCMO/b30BaTb A1 U3rOTOB/IEHUA Kancyn C
MOAUDULMPOBAHHbIX BbICBOOOXKAEHMEM.

KntoueBble cnoBa: afibiMHaT HAaTPUA, XUTO3aH, a/IbITMHAT-XMTO3aHOBbIE MUKPOKANCY/bl, aTOMHO-CU/1I0Basi MMKPOCKOMMUA, am-
NAWUTYAHble NapameTpbl, 3GGEKTUBHOCTb MUKPOKANCYIMPOBAHUSA, CTeNeHb BbICBOOOXKAEHUSA

INTRODUCTION

In recent years, more and more significance has
been attached to the complexes with chitin and chitosan
throughout the world. Studies of their quantitative and
gualitative analyses have been conducted, as well as
the production of these polymers, their physicochemi-
cal properties and the possibility of expanding the use
of chitin and chitosan in medicine [1]. One of the most
promising and actively developing areas in pharmacy
and pharmacology is the development of controlled de-
livery of drugs [2, 3].

Studies on the formation of a film coating based on
chitosan with the inclusion of antibiotics, are also being
conducted [4].
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In addition to the studies of drug complexes with
chitosan, the use of chitosan itself as a medicine is of
scientific interest. In the course of studying the effect of
chitosan on a model of contact allergic dermatitis, it has
been found out that by using photophoresis, chitosan is
able to reduce the concentration of metal in the skin of
the experimental animals. These results indicate the ef-
fectiveness of chitosan in the treatment of skin diseases
[5-8].

Chitosan is a natural polycationic, linear polysaccha-
ride, a derivative of chitin. It is a universal biomaterial
due to the lack of toxicity and good biodegradability and
biocompatibility. Mixtures of high purity chitosan mono-
, poly- and oligomers act as regenerative, wound healing

Volume VI, Issue 5, 2019



Hay4HO-npakTn4eckuin xypHan

OAPMALIA 1
OAPMAKOSIOMS

OPUTNHAJIbBHAA CTATbA
DOI: 10.19163/2307-9266-2019-7-5-279-290

and antitumor drugs. Chitosan exhibits a wide range of
positive properties, which makes it possible to use it in
various fields of biomedical science [9-13].

The use of chitosan as a nanocarrier of drugs is a
promising area of science, since chitosan-drug complex-
es are more resistant to destruction under the influence
of the internal environment of the body, and also in-
crease the delivery of the drug to the target unchanged.

A water-soluble and biodegradable polymer, sodium
alginate is often used as a coat [14]. As a polymer for
microcapsules, sodium alginate is widely used. In one
of the studies, sodium alginate was used in the form of
a 2% solution to obtain microcapsules with a bacterio-
phage. An innovative enteric-soluble dosage form that
can be used as an antibacterial drug, has been obtained
[15-17].

Atomic-powered microscopy (APM) is one of the
most advanced methods for studying surface proper-
ties. Traditionally, this method is used to determine the
surface morphology of various objects with high spatial
resolution. The study of the roughness of microcapsules
is carried out to prove that the true surface area is most
often more geometric, since it is affected by the struc-
ture of the microrelief. Processing the data on the sur-
face relief makes it possible to deeply analyze its various
characteristics [18-20].

THE AIM of the investigation is to conduct morpho-
logical, technological, and biopharmaceutical studies of
alginate-chitosan microcapsules with Vinpocetine.

MATERIALS AND METHODS

Alginate-chitosan microcapsules with various con-
centrations of sodium alginate (0.5%, 1%, 1.5%, 2%,
2.5% and 3%) and a medium viscosity chitosan solution
(0.25-0.5%), as well as microcapsules not treated with a
solution of chitosan, have been studied. Obtaining the
samples of microcapsules was carried out by extrusion.

The surface morphology was studied by methods of
atomic-powered microscopy with the use of an NT-MDT
Corporation probe scanning microscope (model Solver
P47 Pro) (Zelenograd, Russia).

Scanning was performed by HA_NC cantilevers (for
microcapsules without chitosan with 0.5% and 1% con-
centrations of sodium alginate), by HA_FM (for microcap-
sules without chitosan with 2% and 3% concentrations
of sodium alginate) and by NSGO3 (for microcapsules
without chitosan with 1.5% and 2.5% concentrations of
sodium alginate for microcapsules with chitosan with all
used concentrations of sodium alginate).

The length was 90 + 5 um, the resonant frequency
was (260 + 630) kHz and the radius of the curvature of
the probe tip was 10 nm. The experiments were carried
out in air at the temperature of 25 + 1°C. The scanning
fields reached (5 x 5) um? with the difference in the el-
evation of the relief of no more than 2.5 um. Using a
probe and an atomic-powered microscope scanner, it
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was possible to obtain surface images with the lateral
resolution up to 10 nm and the vertical one up to 1 nm.

Visualization of the measurement results consisted
in representing the relief in the form of three-dimen-
sional images. Processing of the obtained APM images
was carried out with the use of ACM Solver P47 Pro Nova
RC1 software and consisted in the analysis of the ampli-
tude average statistical parameters of the surface rough-
ness in accordance with international standards:

1) R, — arithmetic average roughness;

2) R,~ guadratic mean roughness;

3) R, — maximum profile height;

4) R, —asymmetry;

5) R, — excess.

To determine the true and geometric surface areas
of the microcapsules, processing of the obtained APM
images was performed using Gwyddion 2.11 software.

The efficiency of microencapsulation was deter-
mined by the “direct” method. For the direct determina-
tion, the actual content of Vinpocetine in microcapsules
after microencapsulation was calculated. For this, a sam-
ple of microcapsules was dissolved in 0.0 1 M HCI, heat-
ed for 20 minutes, then cooled down, and the volume
was adjusted to the mark with the same acid.

Using the spectrophotometry method, the optical
density of the resulting solution was determined at the
absorption maximum of 312 nm.

After determining the amount of Vinpocetine re-
leased during the dissolution, knowing its initial concen-
tration, the microencapsulation efficiency was calculat-
ed taking into account the amount of M s included in
the microcapsules, the initial amount of the substance
that was dissolved —m,_according to the formula:

E=m_, /m,_. *100% (1)

The study of biopharmaceutical properties was car-
ried out in accordance with General Pharmacopoeial
Monograph 1.4.2.0014.15. Using the spectrophotome-
try method, the optical density of the obtained solutions
was determined with an absorption maximum of 314 +
2 nm at each sampling stage.

RESULTS AND DISCUSSION

Microcapsules are medium-weight large opaque
isodiametric (equiaxed) vyellowish-white or yellow
crystals. They have good flowability, which is the basic
feature for the process of capsules manufacturing.

A comparison of the microcapsules surface and their
microprofiles with different concentrations of sodium al-
ginate, treated with a solution of chitosan and without
this treatment, is shown in Figs. 1-6.

In Fig. 1a, the surface has a characteristic longitudi-
nal striation, protrusions and cavities of various heights
and depths, respectively. The structure is homogeneous,
there are no visible inclusions, the outer surface is
smooth. In Fig. 1b the surface is cellular, wrinkled, rough.
There are small protrusions. On the microprofile with
chitosan (Fig. 1c), a pronounced surface relief with a
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wavy surface is visible, the peaks are smoothed. There is
no microprofile without chitosan, since the surface does
not have any characteristic relief features.

In Fig. 2a, the surface is slightly rough, it has a rare
longitudinal striation, deep cavities and gently-sloping
wrinkled heights. In Fig. 2b microcapsules have a trans-
versely wrinkled structure. The surface is smooth, there
are deep cavities, pits and voluminous pointed protru-
sions. The surface micro profiles are similar. Both are
sharply scattered at maxima and minima of heights. The
peaks are slightly serrated. There are practically no visi-
ble differences in the relief structure.

In Fig. 3a, the surface is very rough, with protrusions
of different heights and widths. The cavities and pits
are small. At the top of the heights there are rare small
spherical inclusions. On the ups and downs, the sur-
face is longitudinally wrinkled. In Fig. 3b, the surface is
smooth, sporadically it has a longitudinal striation. There
are single rocky and spherical inclusions of different siz-
es, as well as groups of such inclusions. The cavities are
practically absent, but there are small protrusions and
ups. The microprofile of the surface with chitosan (Fig.
3c) has a less smoothed surface, but smaller elevation
differences, as well as serrated peak tops, than the mi-
croprofile without chitosan (Fig. 3d).

In Fig. 4a, the surface is slightly rough, there are
characteristic high peaks found in the groups with a wide
base and a pointed apex. The pits are shallow, but long.
In Fig. 4b, the surface is uneven, rough, with numerous
spherical protrusions and inclusions. The microprofile
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of microcapsules with chitosan (Fig. 4c) has an abrupt
relief, which differs significantly from the microprofile
without chitosan (Fig. 4d) characterized by a sawtooth
surface.

At the given concentration of sodium alginate, the
differences in the surface of microcapsules with and
without chitosan begin to come out.

In Fig. 5a, the surface is wrinkled, slightly cellular,
and there are no visible inclusions. In Fig. 5b, the surface
of the microcapsule is smooth, with long, winding, shal-
low pits. The protrusions are large, gentle, with a slight
transverse striation. There are no inclusions. Micropro-
files (Figs. 5c and 5d) have characteristic differences. The
surface with chitosan has a coarse-toothed profile with
narrow and finely serrated peaks, and without chitosan,
on the contrary, it is more even and smoother, and has
also a wavy smooth appearance. The amplitude profile
parameters for the samples (see Table 1), vary greatly
with respect to each other, which makes it possible to
consider the differences between microcapsules with
and without chitosan.

In Fig. 6a, the microcapsule is highly wrinkled, cov-
ered with numerous pits. The surface is unevenly rough.
There are gently-sloping heights of various shapes.

In Fig. 6b, the surface of the microcapsule is smooth,
deeply sinuous, the protrusions are big, gently-sloping,
transversely striated. There are no inclusions in them. In
Fig. 6¢, the microprofile has a coarse toothed appear-
ance with elongated serrated peaks. The microprofile
without chitosan is wavy, smoothed.
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c
Figure 1 — Three-dimensional APM image of the microcapsules surface with a 0.5% concentration
of sodium alginate treated with a chitosan solution (a), and its microprofile (c), and without chitosan (b),
with a scanning area of 2 x 2 um?

c d
PFigure 2 — Three-dimensional APM image of the microcapsules surface with a 1% concentration
of sodium alginate treated with a chitosan solution (a), and without chitosan, (b), and their microprofiles
(c and d), with a scanning area of 2 x 2 um?
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c d
Figure 3 — Three-dimensional APM image of the microcapsules surface with a 1.5% concentration
of sodium alginate treated with a chitosan solution (a), and without chitosan, (b), and their microprofiles
(c and d) with a scanning area of 2 x 2 um?

c d
Figure 4 — Three-dimensional AFM image of the microcapsules surface with a 2% concentration
of sodium alginate, treated with a chitosan solution (a), and without chitosan (b), and their microprofiles
(c and d) with a scanning area of 2 x 2 um?
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c d
Figure 5 — Three-dimensional APM image of the microcapsules surface with a 2.5% concentration
of sodium alginate treated with a chitosan solution (a) and without chitosan (b), and their microprofiles
(c and d) with a scanning area of 2 x 2 um?

c d
Figure 6 — Three-dimensional APM image of the microcapsules surface with a 3% concentration
of sodium alginate, treated with a chitosan solution (a), and without chitosan (b), and their microprofiles
(c and d) with a scanning area of 2 x 2 um?

Tom 7, Buinyck 5, 2019 285



RESEARCH ARTICLE Scientific and Practical Journal

PHARMACY &
ISSN 2307-9266 e-ISSN 2413-2241 PHARMACOLOGY

0,5%

1%

1,5%

2%

2,5%

3%
Figure 7 — Three-dimensional APM image of the microcapsules surface with different concentrations
of sodium alginate treated with a chitosan solution (A) and without chitosan (B),
with a scanning area of 5 x 5 um?
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Table 1 — Parameters of the surface roughness of the microprofile with a scanning area of 2 x 2 um?

Concentration

of sodium alginate . Type of , hm R, nm R, nm R, nm R, ,nm
. microcapsules z a a sk ku
solution
0.5% With chitosan 199 41,8 51.4 -0.3 -0.5
=0 Without chitosan - - - - —
With chitosan 240 319 46.7 -1.5 3.6
1% Without chitosan
390 49.2 73.5 0.1 2.6
With chitosan 126 19.4 23.9 0.3 1.2
LSz Without chitosan
180 394 48.4 0.6 -0.4
2% With chitosan 232 47.0 56.0 -04 -0.3
? Without chitosan 42 6.3 8.2 0.5 0.6
25% With chitosan 46.5 8.3 10.8 0.8 0.1
=0 Without chitosan 314 57.4 85.9 -15 2.4
3% With chitosan 101 24.8 27.2 -0.2 -1.4
° Without chitosan 680 77.8 95.8 -0.2 -0.6

The amplitude roughness parameters based on the
microprofiles, were calculated. The results are shown in
Table 1.

On the basis of the carried out studies it was found
out that microcapsules not treated with a chitosan solu-
tion have a smooth, transversely striated surface with
large heights and deep cavities. With an increase of the
sodium alginate concentration, the surface becomes
smoother, the peaks become larger, higher and wider,
the cavities get deeper and more sinuous. The microcap-
sules treated with a chitosan solution, on the contrary,
have a rough surface, small heights and shallow pits, and
with anincrease in the concentration of sodium alginate,
the surface becomes rougher, the heights are evenly dis-
tributed along the microcapsule. At the sodium alginate
concentrations of 0.5%, 1%, and 1.5%, the differences
between microcapsules with and without chitosan are
implicit, but at the concentrations of 2.0%, 2.5% and
3%, the characteristic features become clear. The mi-
croprofiles made it possible to calculate the necessary
roughness parameters. The calculated data confirmed
the differences in the surface character of the microcap-
sules. The samples with chitosan and 0.5%, 1%, 2% and
3% concentrations of sodium alginate, are characterized
by negative asymmetry, which indicates that the distri-
bution has a long left “tail” and a negative excess (except
the 1% sample). Microcapsules without chitosan with a
1-2% concentration of sodium alginate have a positive
asymmetry with close indicators, i.e. a long right “tail”.
The samples with chitosan and without chitosan at the
1.5% concentration have different positive asymmetries
at different excesses, and at the 3% concentration they
have the same negative asymmetry with different but
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negative excesses. Some alternation of the asymmetry
sign and excess is observed in the samples with increas-
ing concentrations.

Below, Fig. 7 shows the surface of microcapsules
with different concentrations of sodium alginate treat-
ed with and without a chitosan solution with a scanning
area of 5 x 5 um2.

With a scanning area of 5 x 5 um?, one can also
observe the manifestation of differences in the surface
structure of microcapsules with and without chitosan,
but clearly visible differences are noticeable only at 2.5%
and 3% sodium alginate concentrations. At the concen-
tration of 2%, vague characteristics are observed.

Besides, as far as the given scanning area is con-
cerned, the characteristic and structural features of the
microcapsules surface described above at different con-
centrations of sodium alginate, are less noticeable. As a
result of that, it is difficult to distinguish microcapsules
with and without chitosan at the concentration of 2%.

At the next stage of the research, the efficiency of
microencapsulation was determined by spectrophotom-
etry. Based on the data obtained, a graph of the depen-
dence of the Vinpocetine microencapsulation efficiency
on the concentration of sodium alginate has been con-
structed (Fig. 8).

So, at the 2.5% concentration of sodium alginate,
the efficiency of microencapsulation is maximum —
86.8%. At this concentration, saturation occurs and with
its further increase, the efficiency decreases.

As a result of the biopharmaceutical studies, carried
out in the process of the microcapsules preparation, the
effect of the concentration of a sodium alginate solution
on the Vinpocetine release has been shown (Fig. 9).
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Figure 8 — Dependence of microencapsulation

efficiency on the concentration
of sodium alginate
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Table 2 — Technological properties of microcapsules

Methods of

Test indicator L
determination

Experimental values

Reference values

Very large: >1.4 mm

1.0-2.0 mm
: General Pharmaco- Large: 0.355-1.4 mm
Microcapsules . 0.5-1.0 mm )
. poeial monograph Moderately fine: 0,18-0,355 mm
size 0.2-0.5 mm

1.1.0015.15

(Medium, large and very large)

Medium: 0.125-0.18 mm
Very small: 0.09-0.125 mm

General Pharmaco-

Microcapsules

Elongate: >3:1

shape poeial monograph Equlaxial Tabulate: 3:1
P 1.2.1.0009.15 Equiaxed: 1:1
. o Rather heavy: >2000 kg/m?
L°°S§1"Ze'3g:t /Cr's?s'ty' Heavy: 1100-2000 kg/m?
T difm) Medium: 600-1100 kg/m?
Light: < 600 kg/m?*
Excellent: 8.6—12.0 g/sec.
Good: 6.6-8.5 g/sec.
General Pharmaco- Flowablll(té:oill‘;.)ﬂ g/sec. Tctésefatc:glr;/.: ;(())_—gg g//::é:.
Flowability poeial monograph P P06 ’

1.4.2.0016.15

Bad: 1.0-2.0 g/sec.
Very bad: <1.0 g/sec.

Very good: 25-30°

Good: 31-35°

Angle of natural slope: 34° Satisfactory: 36—45°
(Good) Poor: 46-55°
Bad: 56-65°

Very bad: >66°

The release rate of Vinpocetine from microcap-
sule samples with a 1% concentration of a sodium al-
ginate solution is maximum and amounts to 41.17%.
A slower release is observed from the microcapsules
with a 2.5% concentration of a sodium alginate solu-
tion: by 45 minutes of the experiment it has been
4.5%.

Next, the technological properties of microcapsules
were studied (Table 2).

The data obtained indicate that microcapsules are
opaque, medium-weight large opaque isodiametric
(equiaxed) yellowish-white or yellow particles with good
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flowability, which makes it possible to be used as fillers
for encapsulated forms.

Thus, as a result of the carried out studies, model
samples of Vinpocetine microcapsules were obtained.
The method of atomic-powered microscopy was used to
study morphological features of alginate-chitosan micro-
capsules. In the surface structure, the microcapsules treat-
ed with chitosan, have characteristic differences from the
microcapsules without chitosan. The differences are most
pronounced at the 2.5% and 3% concentrations of sodium
alginate. Amplitude parameters are different at different
concentrations. Negative asymmetry prevails in the sam-
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ples with chitosan (0.5%, 1%, 2%, 3%), the excess is evenly
distributed. The samples without chitosan are dominated
by positive asymmetry (1%, 1.5%, 2%) and positive excess.
There is a certain pattern of alternating the sign of asym-
metry and excess in the samples with chitosan.

With a change in the scale of the scan, the surface
characteristics of the microcapsules change, too. The
most distinctive details of the structure are visible at the
scale of 2 x 2 um?2.

When the concentration of asodium alginate solu-
tion is 2.5%, the efficiency of microencapsulation is max-
imum (86.8%).

While studying the effect of the concentration of
a sodium alginate solution on the release rate of Vin-
pocetine from the microcapsule samples, it was found
out that at the concentration of 1%, the release rate
is 41.17%, and at the concentration of 2.5% it is 4.5%.

These microcapsules can be used to make modified re-
lease capsules.

CONCLUSION

Thus, it has been established that with an increase
in the degree of microcapsules roughness, an increase
in the efficiency of microencapsulation occurs. With
an increase in the concentration of a sodium alginate
solution, the release rate of the substance decreases.
This can be explained by the fact that Vinpocetine has
an affinity for sodium alginate, which binds it to the
complex, and with an increasing concentration of a
sodium alginate solution in an aqueous medium, the
binding strength increases.

The results obtained during the study are promising
for a further detailed study of microencapsulated
vinpocetine in order to create its dosage forms.
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