RESEARCH ARTICLE Scientific and Practical Journal

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

OPTIMIZATION OF THE METHOD FOR OBTAINING
NANOCAPSULES, DEVELOPMENT OF THE METHODS

OF DETERMINING THE DEGREE OF CINNARIZINE INCLUSION
IN A PROLONGED DOSAGE FORM BASED ON POLY-D,
L-LACTID-CO-GLICOLIDE, AND ITS VALIDATION

Maria V. Sorokoumova, Natal’ya V. Blagorazumnaya, Vladislav A. Kompantsev, Larisa I. Shcherbakova,
Nadezhda S. Zyablitseva, Yulia G. Medvetskaya, Tatiana M. Vasina, Kirill A. Miroshnichenko

Pyatigorsk Medical and Pharmaceutical Institute — branch of Volgograd State Medical University
11, Kalinin ave., Pyatigorsk, Russia, 357532

E-mail: mariya_026@mail.ru

Received 26.01.2019 Review 1 29.03.2019 Review 2 15.05.2019 Accepted for publication: 10.06.2019

Common pathologies of the cardiovascular system are cerebrovascular disorders, for which cinnarizine is prescribed. An in-
novative, prolonged nanocapsule dosage form based on poly-D, L-lactide-co-glycolide (PLGA) has been developed.

The aim of the research was improvement of the technology and development of the methods for determining the level of
cinnarizine inclusion in nanocapsules. The research problem consisted of a great number of drug encapsulation peculiarities,
as well as various physicochemical properties of the substances that cannot be taken into account in the existing methods
of determination.

Materials and methods. In the study, the following substances were used: cinnarizine, PLGA (50:50), polyvinyl alcohol (PVA).
The remaining reagents and solvents fitted into the category of chemically pure. For development of the methods for quan-
titative determination of cinnarizine and its validation, a spectrophotometric method of analysis was used. Model mixtures
used as objects of the study, had been prepared. Validation assessment of the methods was carried out upon such indicators
as specificity, linearity, detection limit, repeatability, reproducibility.

Results. Methods for spectrophotometric determination of the degree of cinnarizine inclusion has been developed. It has
been established that encapsulation reaches 63.74%. Validation testing methods has been carried out. The results of such
tests as specificity, linearity, detection limit, repeatability, reproducibility correspond to the safe range of values regulated by
Product specification file. Due to the impossibility of determining the degree of cinnarizine inclusion on the basis of standard
methods of preparation, the technology of producing nanocapsules has been adjusted.

Conclusion. The technology has been optimized and new techniques have been developed. Taking into account the charac-
teristics of production and the physicochemical properties of the components, they make a reliable analysis of the degree
of cinnarizine inclusion in nanocapsules possible. The relative error of the developed methods of determination does not
exceed £ 2.67%. Based on the results of the validation assessment, this methods is valid for all indicators.
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PacnpocTpaHeHHbIMW NATONOTUAMMU CEPAEYHO-COCYAUCTON CUCTEMBI ABAIOTCA LepebpoBacKyNspHble pPaccTPOMCTBa, NS
NIeYeHns KOTOPbIX Ha3HayaloT npenapaT UMHHapU3nH. PaspaboTaHa MHHOBALMOHHAA NMPOJIOHIMPOBAHHAA JIeKAapCTBEHHAs
dopma B BUAE HAHOKaMCy/ Ha ocHoBe Nonu-D,L-nakTua-ko-rankonung, (PLGA).

Lienbto nccienoBaHUA ABMIOCH COBEPLUEHCTBOBAHWE TEXHONOTMWU U pa3paboTka METOAMNKMN ONpeaesieHns YPOBHA BK/tOYe-
HUA LMHHapWU3MHa B HaHOKancybl. MccnepgoBatenbckan npobaema 3akatovanach B HaMYMM MHOXKECTBA 0COBEHHOCTEN UH-
Kancy/MpoBaHMA npenapaTa, a TaKKe pas/iMyHbIX GU3UKO-XMMUYECKUX CBOMCTB BELLECTB, KOTOPblE HEBO3MOXKHO YYecTb B
MMEIOLLIMXCA METOAMKaAxX onpeaesieHuns.

Matepuanbl U meToabl. B xoae nccnegosaHus 6biaM MCNOAb30BaHbl CybCcTaHUMA UMHHapU3KHa, PLGA (50:50), nosiMBuHM-
nosbit cnupt (MBC). OcTanbHble peakTUBbl U PAaCTBOPUTENN COOTBETCTBOBA/IM KaTeropmm x.4. [aa paspaboTkM MEeTOAMKM
KOJIMYECTBEHHOTO OnpeaeneHnn UMHHApM3MHA U ee BanaaLmm, UCNob30BaH CNEKTPOGOTOMETPUYECKUIA METOA, aHaNu3a.
BblIM NPUTOTOBNIEHBI MOAE/NbHbBIE CMECU, KOTOPbIE UCMO/Ib30BAIUCh KaK 0ObEKTbI UCCNeA0BaHMA. BannaaumMoHHYO OLEeHKY
METOAMKM MPOBOAU/IM MO TAaKMM MOKA3aTeNam, Kak cneunduyHocTb, TMHENHOCTb, Npeaen 0bHapyKeHUs, NOBTOPAEMOCTb,
BOCMPON3BOAMMOCTb.

Pe3ynbratbl. PazpabotaHa meToanKa cnekTpoPOTOMETPUYECKOTO ONpeseieHns CTENEeHN BKIYEHUA LMHHApMU3MHa. YcTa-
HOBJ/IEHO, YTO MHKancynauma coctasnset 63,74%. OcyLecTBNEHO BaAMAALMOHHOE TeCTUPOBaHME MeTOAMKMK. Pesyabrathbl
TAKUX UCMbITAHWUN, KaK cneumMdUyYHOCTb, IMHENHOCTb, Npeaen obHapyKeHUs, NOBTOPAEMOCTb, BOCMPOM3BOAMMOCTb COOT-
BETCTBYIOT 4OMYCTUMOMY MHTEPBAJYy 3HAYEHWUI, PerNameHTMPOBAHHbIX HOPMATUBHOM AOKYMeHTaumel. CKoppeKTUupoBaHa
TEXHONOMMA NONYYEHUA HAHOKAMCY/, B CBA3WU C HEBO3MOXKHOCTbIO ONpeaeNeHNs CTEMEeHN BKIOYEHUS LMHHAPU3MHA NPpU UC-
No/Ib30BaHMUM CTAHAAPTHOM METOAMKM MONYHEHUS.

3akntoueHune. ONTMMMU3MPOBAHA TEXHONOTUS U pa3paboTaHa MeTOAMKa, NO3BOAIOLLASA MPOBECTU AOCTOBEPHbIVM aHANN3 CTe-
NEHN BKIOYEHUA LMHHAPU3MHA B HAHOKAMCY/bl, C Y4ETOM OCOBEHHOCTEM MPOM3BOACTBA U GU3UKO-XMMUYECKUX CBOMCTB
KOMMOHeHTOB. OTHOCKTENIbHAA NOTrPELIHOCTb Pa3paboTaHHOMW MEeTOAUKM onpenesieHns He npesblwaeTt +2,67%. Ucxopa us
pe3ynbTaToB BaIMAALMOHON OLLEHKM, MO BCEM MOKasaTeIAM METOAMKA BalngHa.

Kntouesble cnoBa: LMHHAPU3WH, NoAU-D,L-NakTUa-KO-IUKONUA, MUKPOYACTULbI, CTEMEHb BKIOYEHUA, YD-cnekTpomeTpus

INTRODUCTION

In cerebrovascular disorders, progressive neuronal
damage is observed, followed by their apoptosis due to
metabolic disorders, nutritional deficiencies and oxygen.
These are hemorrhagic and ischemic kinds of stroke,
encephalopathy, migraine, dementia, cognitive impair-
ment. One of the leading pathogenetic factors in the
development of these disorders is a change in the prop-
erties of cerebral vessels under the influence of such
factors as atherosclerosis, arterial hypertension, leading
to impaired cerebral circulation [1-4]. The main group
of drugs prescribed for this pathology, are calcium chan-
nel blockers, in particular cinnarizine, the effectiveness
of which has been proven by numerous clinical studies
[5]. Existing dosage forms of cinnarizine have several
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disadvantages, namely: frequency of administration
and adverse effects [6, 7]. The solution to leveling these
undesirable factors is developing a prolonged form of
cinnarizine, allowing to reduce the frequency of admin-
istration, and thus avoid abrupt changes in the concen-
tration of the drug in the body, and hereby to maintain
the concentration of the drug in the body relatively con-
stant and therapeutically effective. Modern pharmaceu-
tical technologies make it possible to create prolonged
dosage forms of nano- and microsizes with controlled
release of active substances based on polymeric carriers
using the encapsulation method [8, 9]. One of the prom-
ising polymers is a copolymer of lactic and glycolic acids
(50:50) — poly-D, L-lactide-co-glycolide (PLGA). Nanocap-
sules based on this biopolymer provide a high level of
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sorption, prolonged and programmed release of drugs.
The polymer is also biocompatible and biodegradable, it
is metabolized in the body to endogenous compounds:
lactic acid (decomposes to carbon dioxide and water)
and glycolic acid (excreted unchanged). An innovative
prolonged dosage form of cinnarizine in the form of mi-
cro- and nanocapsules has been developed. It is based
on biodegradable polymer PLGA, supposedly capable of
leveling the adverse effects of the drug.

THE AIM of the investigation was the adjustment
of the standard technology, the development and val-
idation of the methods for determining the degree of
cinnarizine inclusion in the resulting microparticles, tak-
ing into account the features of encapsulation and the
physicochemical properties of the compounds used in
their production.

MATERIALS AND METHODS

In this study, the substance of cinnarizine, PLGA
(50:50) and PVA have been used. The rest of the reagents
and solvents fitted into the category of chemically pure.

1. Methods for determining the degree

of cinnarizine inclusion in nanocapsules

Methods 1

The object of the study was an aqueous solution of
the supernatant obtained after centrifugation [10-14].
The supernatant was placed in a 100 ml volumetric flask,
adjusted to the mark with purified water (solution A).
Considering the solubility of cinnarizine in ethyl alco-
hol and the literature data on the determination of the
degree of incorporation of medicinal substances in PL-
GA-based microcapsules, the following methods was
proposed.

The degree of cinnarizine inclusion was established
spectrophotometrically [15-21]. To do this, the content
of free cinnarizine, and then the content of cinnarizine
included in the microparticles were determined, A 0.4
ml aliquot was taken from solution A and placed in a 10
ml volumetric flask, made up to the mark with ethyl al-
cohol 95% [22-24].

Methods 2

A 20 ml aliquot was taken from solution A, placed in
a separatory funnel, then 5 ml of chloroform was added
and extracted. The spectrum of chloroform extraction
was measured in the range of 220-360 nm on an SF-56
spectrophotometer in cuvettes with a layer thickness of
1 cm; chloroform was used as a reference solution. The
spectrum of a standard sample of cinnarizine in chloro-
form had been preliminarily measured.

The completeness of cinnarizine extraction from
solution A was monitored by a repeated addition of 5
ml of chloroform to the aqueous solution obtained after
the first extraction. The spectrum of the second chloro-
form extraction was measured in the range of 220-360
nm on an SF-56 spectrophotometer in cuvettes with a
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layer thickness of 1 cm; chloroform was used as a refer-
ence solution.

Method 3

In this case, the object of the study was the solu-
tion of the supernatant in hydrochloric acid. The entire
volume was transferred into a volumetric flask with a
capacity of 50 ml, adjusted to the mark with a 0.1 M
solution of hydrochloric acid. Previously, the spectrum
of a standard sample of cinnarizine in a 0.1 M solution
of hydrochloric acid was measured; an absorption max-
imum A = 0.576 at the wavelength of 253 nm was ob-
served.

The evaluation of the degree of cinnarizine inclusion
in nanocapsules was performed by measuring the ab-
sorption spectrum in the rage of 220-360 nm on an SF-
56 spectrophotometer in cuvettes with a layer thickness
of 1 cm; a solution of hydrochloric acid 0.1M was used as
a reference solution.

2. Optimization of the method

of obtaining nanocapsules

It is known from the literature data, that cinnarizine
is soluble in a 0.1 M solution of hydrochloric acid. Con-
sequently, a study on the solubility of PLGA ina 0.1 M
solution of hydrochloric acid was carried out. For this
purpose, the PLGA sample was placed in 50 ml of a 0.1
M solution of hydrochloric acid. While stirring for three
hours, the polymer did not dissolve, and therefore, it
was proposed to change the standard technology of
nanocapsules.

Standard nanocapsules technology

To obtain PLGA-based cinnarizine microparticles,
the coprecipitation method was used. Precise weights of
cinnarizine and PLGA were dissolved in a small volume
of chloroform, and then added dropwise to the aque-
ous solution of PVA, using an Ultra-Turrax T-18 appara-
tus (IKA, Germany) for homogenization. The resulting
solution containing microparticles, was centrifuged at
the rotation speed of 10,000 rp/m for 20 minutes. The
submicrocapsule fluid — supernatant — was decanted.

Adjusted nanocapsules technology

Precise weights of cinnarizine and PLGA were dis-
solved in a small volume of chloroform, and then added
dropwise to a 0.1 M hydrochloric solution of PVA, using
an Ultra-Turrax T-18 apparatus (IKA, FRG) for homogeni-
zation. The resulting solution containing microparticles,
was centrifuged at the rotation speed of 10,000 rpm for
20 minutes. The submicrocapsule fluid — supernatant —
was decanted.

3. Methods for quantitative determination

of cinnarizine in nanocapsules and its validation
3.1. Quantitative determination

Based on the data obtained in determining the level
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of cinnarizine inclusion in nanocapsules, for the quanti-
tative analysis, the conditions corresponding to Method
3 were selected.

The measurements were carried out six times at the
room temperature, the data were averaged.

The calculation of the content of cinnarizine in the
supernatant produced, is shown by formula 1:

A XC  XW xW,
A, xaxV, (1),

X

where

A —optical density of the supernatant;
C_,,— CO concentration of cinnarizine, g/ml;
W,, W, —volume of volumetric flasks, ml;
A__—optical density CO cinnarizine;

a —amount of cinnarizine, g;

v, - aliquot volume, ml.

3.2 Validation of the methods of cinnarizine

guantitative determination in nanocapsules

The validation estimation of the developed methods
for the quantitative determination of cinnarizine in mi-
croparticles has been carried out. The developed meth-
odology is evaluated according to the following indica-
tors: specificity, linearity, detection limit, repeatability,
reproducibility.

Determination of specificity

When testing a technique for specificity, the influ-
ence of a solvent and excipients on the optical density of
a solution of a model mixture is determined.

The solvent used is a 0.1 M hydrochloric acid solu-
tion. Two solutions are prepared: the first is a solution of
a model mixture of microparticles with cinnarizine, the
second is a solvent and excipients.

Determination of linearity methods

The determination of the linearity of the methods
of cinnarizine quantitative analysis is carried out by a
spectrophotometric method. To do this, 6 parallel deter-
minations in the weights of a model mixture of micro-
particles are conducted.

Preparation of model mixtures

Samples of cinnarizine microparticles equal to 0.01 g,
0.02 g, 0.03 g, 0.04 g, 0.05 g and 0.06 g, respectively, are
placed in 100 ml volumetric flasks, dissolved in a 0.1 M
hydrochloric solution of chlorohydric acid, brought to the
mark with the same solvent, then mixed. The optical densi-
ty of the obtained solutions is measure on spectrophotom-
eter SF-56 at the maximum absorption at the wavelength
of 253 nm in a cuvette with a layer thickness of 10 mm.

Determination of the detection limit
When determining the detection limit, a model mix-
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ture is prepared: 0.03 g of cinnarizine microparticles are
placed in a 100 ml volumetric flask, dissolved ina 0.1 M
hydrochloric acid solution and made up to the mark with
the same solvent (solution A).

From solution A, model solutions were prepared
with a cinnarizine concentration of 1:10° g/ml, 1-10* g/
ml, 1-:10° g/ml. The determination was started with the
solution with the highest concentration, setting the con-
centration at which there would be no cinnarizine ab-
sorption maximum at the wavelength of 253 nm.

Determination of convergence

The technique of convergence is characterized by
such indicators as repeatability and reproducibility.

To determine convergence, a spectrophotometric
method of analysis in the wavelength range of 220-360
nm was used.

Repeatability is examined on a model sample of
a mixture of cinnarizine microparticles in 10 replica-
tions.

Reproducibility of the methods is estimated on five
samples of model mixtures in two replications.

RESULTS AND DISCUSSION

Using methods of determination No 1, it was found
out that when ethyl alcohol is added to the aqueous
solution of the supernatant, white opalescence and tur-
bidity are observed. The reason for these phenomena is
the interaction of PVA with ethyl alcohol, in connection
with which this method cannot be used for the spectro-
photometric determination of the degree of cinnarizine
inclusion.

Using methods No 2, the quantitative content of cin-
narizine (1% of the introduced cinnarizine sample) was
detected in the supernatant, which is confirmed by solu-
bility of cinnarizine in water [25].

On the basis on the obtained results it was proposed
to change the standard technology of microparticles by
using a hydrochloric solution of PVA instead of an aque-
ous solution, which would make it possible to transfer
non-included cinnarizine into the solution. Then it would
be possible to determine the degree of its inclusion
[26, 27].

The use of methods No 3 allowed us to determine
the quantitative content of cinnarizine in the hydrochlo-
ric solution of the supernatant. Accordingly, it became
possible to calculate the degree of encapsulation of the
drug in microparticles from the difference in concentra-
tions.

Having made a series of determinations, the follow-
ing data were obtained.

Fig. 1 shows the UV absorption spectrum of the
solution of the supernatant obtained by the adjusted
technology. This UV absorption spectrum coincides with
the results of the previous studies.
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Figure 1 — UV spectrum of the supernatant

According to the results of the study, the aver-
age optical density at the wavelength of 253 nm was
0.447.

The content of cinnarizine in the supernatant was
calculated by formula 1.

X = 0,447-0,001-50-10
0,576-0,0107-1
By differences, the degree of cinnarizine inclusion

can be calculated:
100% — x = 100 — 36,26=63,74% (Tab. 1)

=36,26%

Table 1 — Data on the degree of encapsulation

Optical density ~ Amount of unbound

Sample No

A t of bound .
mount ot boun Metrological data

of solution cinnarizine, % cinnarizine, %

1 0.425 34.48 65.52

2 0.482 39.10 60.90

3 0.447 36.26 63.74 5=1.62
4 0.450 36.51 63.49 S =0.6635
5 0.430 34.88 65.12 £=42,67
6 0.448 36.34 63.66

X 0.447 36.26 63.74

Validation assessment of the methods

Determination of specificity

The obtained solutions were analysed by a spectro-
photometric method. Fig. 2 shows the UV spectrum of a
model mixture of cinnarizine microparticles. In the rage
of 230-270 nm, an absorption maximum characteristic
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of the preparation is observed. Fig. 3 shows the absorp-
tion spectrum of the second solution, consisting of a sol-
vent and excipients. It is clearly seen that the absorption
in the rage of 230-270 nm is practically absent.

Judging by the obtained definition data, one can see
the specificity of the developed methodology. [28]
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Figure 2 — UV spectrum of a model mixture of microparticles

Figure 3 — UV spectrum of the solvent with excipients

Determination of linearity methods

According to the test results, a calibration graph
for the dependence of the optical density value on the
mixture sample was constructed; the calibration curve
equation and the correlation coefficient were calculat-
ed. The graph is presented in Fig. 4.

The linearity index is characterized by a correlation
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coefficient, its value was 0.998875, which meets the re-
quirement of not less than 0.995.

The calibration curve is subject to linear depen-
dence. The correlation coefficient meets the specified
requirements ND [28]. Therefore, it can be argued that
a linear dependence is observed in the concentration
range of cinnarizine, in a sample of a model mixture of
microparticles 0,000345-0,002%.
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Figure 4 — Calibration graph of the dependence of cinnarizine optical density on a sample
of a model mixture of microparticles

Determination of detection limit teristic absorption for cinnarizine will not be observed

The data obtained during the study are reflected in  at the wavelength of 253 nm. The detection limit of
Table 2. The developed method allows determining the  cinnarizine in microparticles has been established. It is
detection limit, the concentration at which the charac- 1-10%* g/ml.

Table 2 — Data on detection limit

Concentration

. L Optical densit
of cinnarizine in P y

solution, g/m| of solution
1-10° 0.4980
1-10* 0.0508
1-10° 0.0048
Determination of convergence should not exceed 2.0% [28]. The data on repeatability
Convergence is characterized by such param-  of the methodology are given in Table 3.
eters as repeatability and reproducibility of the The established coefficient of variation was 1.4%,
methods. which is within the range of acceptable values.
Repeatability is estimated by the indicator — coeffi- The test results, in terms of reproducibility, are

cient of variation, hereby its value at the request of ND  shown in Table 4.
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Table 3 — Data on repeatability of the methods
No. of measurement Optical density
1 0.498
2 0.505
3 0.504
4 0.497
5 0.496
6 0.507
7 0.503
8 0.500
9 0.494
10 0.496
Average value 0.500
Degree of variation, % 1.4
Table 4 — Data on the reproducibility of the methods
First measurement series
Sample number 1 2 3 4 5
Researcher No.1 0.502 0.500 0.503 0.498 0.496
Researcher No.2 0.504 0.503 0.505 0.499 0.502
Second measurement series
Sample number 1 2 3 4 5
Researcher No.1 0.506 0.507 0.500 0.503 0.501
Researcher No.2 0.504 0.507 0.507 0.501 0.503

The acceptability indicator was the coefficient of
variation; its value, according to the requirements of
ND, should not exceed 3% [28]. For 10 parallel measure-
ments in two series, it was 0.60%, which does not go
beyond the acceptable indicator of the acceptance cri-
terion.

CONCLUSION

In the course of the research, the standard micro-
particle technology based on biodegradable polymer
PLGA was adjusted by using a 0.1M hydrochloric acid
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