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Introduction. Liposomal preparations have a number of advantages: they protect the cells
KoppecHoHgeHIus: of the body from the toxic effects of drugs; prolong the action of the drug introduced into
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Universitetskaya Square, the pharmacokinetics of drugs, increasing their pharmacological efficacy; allow you to
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Copyright: © 2022 The Author Materials and Methods. Cinnarizine liposomes from soy lecithin were prepared by the

hydration/rehydration method. To study the characteristics of the degree of incorporation
of cinnarizine into liposomes, the method of equilibrium dialysis was used. The choice
of this method is due to the fact that the quantitative analysis of the equilibrium
concentration of cinnarizine in the dispersion medium, which is necessary to determine
the amount of adsorption, is hampered by the presence of a dispersed phase, liposomes. A
semipermeable membrane with a pore diameter sufficient for the penetration of cinnarizine
molecules, but impermeable to liposomes, makes it possible to obtain a cinnarizine
solution with a concentration close enough to the concentration in the dispersion medium
of liposomes. The solution thus obtained can be subjected to quantitative analysis using
spectrophotometry.

Results. A graph of the dependence of the value of adsorption of cinnarizine on liposomes
on the equilibrium concentration was plotted. It was found that the value of adsorption of
cinnarizine during the treatment of liposomes with ultrasound is less for all the studied
concentrations. At an equilibrium concentration of cinnarizine of more than 0.0003 mol/I,
the proportion of the prearat associated with liposomes stabilizes. Without sonication at
the level of 24.83 + 1.15%, with sonication at the level of 18.4 + 1.20%.

Conclusion. It has been established that ultrasonic treatment of liposomes is expedient
when cinnarizine is added to a dry lipid film, since is a factor that increases bioavailability.
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60oTKe MeTOAMKM OnpefesieHns CTEeNeHW BKIIOYEHUA B JIMMOCOMbl U3 COEBOro NeuuTuHa
KOH(IMKT MHTEPEeCOB: LMHHapPU3WHA, HaLeLIero WMPOKoe NpUMeHeHMe Kak KOPPeKTopa HapyLleHuidi MO3roBoro
ABTOp 3aBJISIET 06 OTCYTCTBUMA KpoBooOpaLyeHus.

KOH(IMKTa MHTEPECOB
Lens. Llenb nccnefoBanns onpeaenuTb BENMYMHY aacopbumy LMHHapU3uHa ¢ annocoma-

MocTymuna: 05.11.2022 MW 13 COEBOro JNIenTUHa.

IMpuusaTa: 10.12.2022

MaTepuanbl ¥ MeTOgZEBL. J/IMNOCOMbI LMHHApM3uHa U3 COEBOro NleLMTUHa nosyyanu me-
Ony6nukoBaHa: 30.12.2022

TOAOM ruapaTauuu/permgpaTtauun. [Ond usydyeHWs XapakTepuUCTUK CTEMEHW BKIIHOYEHUS
LMHHapU3MHa B IMNOCOMbI Gblfl UICMONb30BaH METO PaBHOBECHOrO Auanvaa. BoiGop gaH-
Horo Metofaa 06GyC/OBMIEH TEM, YTO KOJIMYECTBEHHbIW aHanM3 PaBHOBECHOW KOHLLEHTpaLuum
LUMHHApU3MHA B OUCNEPCUOHHON cpefe, HEOOXOAUMBINA AN onpefeneHns BeWUYuHbI aj-
copbuum, 3aTpygHeH NPUCYTCTBUEM AMCNepcHoi asbl — nunocom. lMonynpoHulaemas
MeM6paHa, ¢ [MaMeTpoM Nop, JOCTAaTOYHbIM Afsi MPOHUKHOBEHUSI MOJIEKYST LIMHHAPU3UHA,
HO He MponycKawLas IMNOCOMbI, MO3BOSAET MONYYNTb PAacCTBOP LMHHAPU3MHA C KOHLIEH-
Tpauuen, [OCTaTOYHO GNM3KON K KOHLEHTpaLuuM B AUCMEPCUOHHON cpefe nunocom. MMo-
JlyyaeMblil TaKUM 00pa3oM pacTBOP MOXET ObiTb MNOABEPrHYT KONMYECTBEHHOMY aHanusy
C UCMONIb30BaHMEM CNEKTPOOTOMETPUM.
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Pe3ynswTaThl. [IocTpoeH rpadmk 3aBUCUMOCTU BENNYMHBI aAcopOLnm LMHHApU3nHa Ha n-
nocomax OT paBHOBECHOW KOHLEHTpaLuun. YCTaHOBIEHO, YTO BeSIMYMHA afcopOLmm LMHHa-
pusuHa npu o6paboTke NMNOCOM YbTPa3BYKOM MeHbLUe 1 BCEX UCCNIeAyeMbIX KOHLIeH-
Tpauui. MNpu paBHOBECHOMN KOHLLEHTpaLUUN LMHHapu3uHa 6onee 0,0003 Monb/n npoucxoguT
cTabunusauma gonu npenapaTa cBA3aHHOrO ¢ niMnocoMamu. bes 06paboTku ynbTpa3ByKOM
Ha ypoBHe 24,83 + 1,15 %, c 06paboTKoM yNbTpa3ByKoM Ha ypoBHe 18,4 + 1,20 %.

BrlBOZBL. YCTaHOB/EHO, YTO 06paboTKa NMNOCOM YybTPa3BYKOM fiBsieTcs Lenecoobpas-
HOW npu [o6aBNeHUN UMHHAPU3MHA K CYXON IMNULHON NNEHKe, T.K. ABNsAeTcs aKkTopoMm,
NoBbILLALWMM BUOLOCTYMHOCTb
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INTRODUCTION

Vascular diseases of the brain continue to be a thorny med-
ical-and-social problem in contemporary society (Bertram &
Tanzi, 2005; Polkovnikova & Slivkin, 2015). Pharmacological
correction of the cerebral blood flow is an actual problem of
modern medicine since in the basis of a lot of cerebral dis-
eases there are factors of vascular genesis while the diseas-
es themselves are accompanied by a loss of working ability,
disability and mortality (Haress, 2015).

Various groups of medicinal drugs are applied in therapy
of cerebrovascular diseases including blockage of calci-
um channels. One of the most applicable and economically
available among them is a medicinal preparation — cinnar-
izine (DiSabella, 2014). Mechanism of action of this drug is
exhibited in the blocking of calcium channels; in addition, un-
der the intake of this drug antihistaminic effect is observed,
moreover, cinnarizine exhibited anti-dopaminergic, anti-ser-
otonergic and anti-cholinergic activity. Multiple studies of
the medicinal preparation confirmed its efficacy for such
diseases as cerebral atherosclerosis, without a coarse fo-
cal symptomatology and ischemic stroke (Sethi et al., 2018;
Maghsoodi et al., 2019). It is also applied after hemorrhagic
stroke and craniocerebral injury, for treating of discirculatory
encephalopathy, dizziness, tinnitus, migraine, senile demen-
tia, depression and irritability, rapid mental fatigability, im-
pairment and loss of memory, thinking disorder, impossibility
of attention focusing, in the treatment and for prevention of
disorders in peripheral circulation, in cases of trophic and
varicose ulcers, during supporting therapy in case of symp-
toms of labyrinthine disorders, including dizziness, tinnitus,
nystagmus, nausea and vomiting (Erdem & Tiirkoglu, 2010).

Liposomes are spherical vesicle structures composed of a
uni- or multilamellar lipid bilayer surrounding internal aque-
ous compartments and a relatively impermeable outer lipo-
philic phospholipid bilayer (Szoka & Papahadjopoulos, 1980;
Neuwelt et al., 2008; Abbott et al., 2006; Gregoriadis, 2008).
Liposomes have gained considerable attention as drug de-
livery carriers because they are biocompatible, nontoxic, can
deliver both hydrophilic and lipophilic drug molecules, pro-
tect their cargo from degradation by plasma enzymes, and
transport their load across biological membranes and the
blood brain barrier (Elbayoumi, & Torchilin, 2010; Lopalco et
al., 2018; Yalgin & Tiirkoglu, 2010; Xiaoli et al., 2017; Prze-
wratil et al., 2009).

The purpose of the study is to develop a technology for ob-
taining liposomes of cinnarizine, and determine the degree of
inclusion of cinnarizine in them.

MATERIALS AND METHODS

Preparation of liposome specimens
from soya-bean lecithin

For obtaining liposomes from soya-bean lecithin method
of hydration/rehydration was employed (Immordino et al.,
2006). Soya-bean lecithin (Sigma) was dissolved in ethanol
(0,1 g of soya-bean lecithin per 300 ml of ethanol (96%) at
38 °C in a water bath under stirring) and filtered through the
glass filter with pore size of 16 pm. Ethanol was then evapo-
rated in the rotor vaporizer at the temperature of 38 °C, pres-
sure of -0,08 MPa and rotary speed of 100 rpm up to forma-
tion of semitransparent lipid film on the walls of a flask. Next,
10 ml of 0,1 M solution of hydrochloric acid or a solution of
cinnarizine in 0,1 M solution of hydrochloric acid were added
and agitated for 30 minutes. After that solution was subject-
ed to ultrasound irradiation for 15 minutes.

Determination of the mass fraction
of liposomes colloid solution

Watch glass was dried in the desiccator at the temperature
of 60 °C and weighed it with the use of analytical balance
Radwag 220/C/2 with an accuracy up to 4-th decimal digit
after the point, in grams. Then a colloid solution of liposomes
was placed on the watch glass and weighed it again. Then
the watch glass with a solution of liposomes was placed into
the desiccator at the temperature of 80 °C and dried its con-
tents up to invariable mass. Mass fraction of colloid solution
of the liposomes was determined by the formula (1):

My, — M
dry empty
0y, = ——— 100 %, m
C Mg — M
liquid empty
rae me,.. — is mass of the watch glass, g;

M. — Mass of the watch glass with colloid solution, g;
m,,, — mass of the watch glass with a dry residue of colloid
solution, g.

Preparation of cinnarizine solution

Solution A. Precise sample of cinnarizine (0,0506 g) was
dissolved in 20 ml of aqueous solution of hydrochloric acid
0,1 M in the volumetric flask of 100 ml in capacity and re-
duced with the same solvent up to the label.

Solution B. 1,0 ml of solution A was placed into the volumet-
ric flask of 100 ml in capacity, reduced the volume of solution
with 0,1 M solution of hydrochloric acid up to the label and
then agitated.

Solution C. 5 ml of solution A was placed into the volumetric
flask of 50 mn in capacity, reduced the volume of solution
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with 0,1 M solution of hydrochloric acid up to the label and
then agitated.

Construction of a calibration graph

and determination of the molar absorption
coefficient for the quantitative determination
of the content of cinnarizine by

the spectrophotometric method

To study the binding of cinnarizine to liposomes from soy
lecithin, the quantitative determination of cinnarizine in a
0.1 M aqueous solution of hydrochloric acid was performed
spectrophotometrically.

Determination of the degree of cinnarizine
involvement into liposomes from soya-beans
lecithin

Colloid solutions of liposomes with different concentrations of
cinnatizine were placed into the vials in the amount of 0,6 ml
using a dispenser of Termo Scientific DPOP-1-100-1000.
Then dialysis test tubes GeBAflex Mini 250 pl (Scienova,
Germany) with a diameter of pores in membrane of 6—8 kDa
were placed inside the vials. 0,18 ml of 0,1 M solution of hy-
drochloric acid were placed into the dialysis test tubes with
the use of dispenser.

Dialyzers were placed into the thermostat at the tempera-
ture of 40 °C for 24 hours. After that, solutions in the amount
of volume of 0,1 ml from the dialysis test tubes were mixed
with 2,5 ml of aqueous solution of hydrochloric acid in 0,1 M
concentration. Next, optical density of the obtained solutions
were measured at the wavelength of 252 nm.

RESULTS AND DISCUSSION

Figure 1 shows photomicrographs of liposomes before and
after sonication.

Figure 1

Micrographs of liposomes in an aqueous solution of hydrochloric
acid 0.1 M (A — before ultrasound treatment, B — after ultrasound
treatment)

Mass fraction of liposomes was determined 6 times with the
following determination of arithmetic mean value and stand-
ard deviation for the measured value (Table 1).

Table 1
Mass fraction of liposomes in colloidal solution

Ne Mass fraction, %

1 0,2989

2 0,2490

3 0,3836

4 0,3300

5 0,2724

6 0,3014
Mean value 0,3059 £ 0,0470

Construction of a calibration graph and
determination of the molar absorption
coefficient for the quantitative determination
of the content of cinnarizine by the
spectrophotometric method

A preliminary measurement of the ultraviolet spectrum of a
solution of cinnarizine B in a 0.1 M aqueous solution of hy-
drochloric acid was carried out.

The choice of the maximum optical density used for the
quantitative determination of cinnarizine was made based
on the possible effect of free lecithin in the dispersion me-
dium of liposomes capable of penetrating through a sem-
ipermeable membrane during equilibrium dialysis (Polk-
ovnikova, 2021). For this, a test dialysis was performed, in
which 0.6 ml of a liposome solution was placed in a dialysis
tube, and 0.18 ml of a 0.1 M aqueous solution of hydrochlo-
ric acid was placed in a dialyzer. Dialysis was carried out for
24 hours at a temperature of 40 °C. After that, the ultravio-
let absorption spectrum of the solution in the dialyzer was
measured. For a quantitative analysis of the content of cin-
narizine, the absorption maximum at a wavelength of 252
nm was used, because for a given wavelength, less light ab-
sorption of free lecithin penetrating the dialysis membrane
is observed.

In order to determine the linearity of the applied method of
photometric analysis of the quantitative content of cinnar-
izine in a 0.1 M aqueous solution of hydrochloric acid, the
optical densities of a series of solutions of cinnarizine of var-
ious concentrations were measured and a calibration graph
was constructed in the range of concentrations and optical
densities required for the study at wavelengths of 226 nm.
and 252 nm (Figure 2).
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Figure 2

Calibration plot for the quantitative determination of
cinnarizine in a 0.1 M aqueous solution of hydrochloric acid by
spectrophotometry at 226 nm and 252 nm
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The linear approximation coefficients R2 = 0.9998 at a wave-
length of 252 nm and R2 = 0.9999 at a wavelength of 226
nm correspond to acceptable linearity in the optical densi-
ty range 0-1. For the quantitative determination of cinnar-
izine, the molar absorption coefficient was determined at a
wavelength of 252 nm, since in this region of the absorption
spectrum of cinnarizine, a lower optical density of free lec-
ithin, which penetrates through the dialysis membrane, is
observed. For this, the least squares method was used to
determine the equation of the linear dependence of optical
density on concentration:

D =19261,15C + 0,0046679. (2)
The free term 0.0046679 in this equation can be neglected
because it is comparable to the optical density measurement
error. Thus, from the equation:

D=19261,15C ©)

Table 2

determined the molar absorption coefficient = 19261.15/1 =
19261.15/0.998 = 19299.75 M~'em~' (where | is the thick-
ness of the cuvette, cm).

Determination of the degree of cinnarizine
involvement into liposomes from soya-beans
lecithin

The equilibrium concentrations of cinnarizine, determined
using the molar absorption coefficient and the value of drug
binding to liposomes, are shown in Table 2.

Using the data obtained, a graph of the dependence of the
adsorption value of cinnarizine on liposomes on the equilib-
rium concentration was plotted. It was found that the value of
adsorption of cinnarizine during the treatment of liposomes
with ultrasound is less for all the studied concentrations.

The degree of incorporation of cinnarizine into liposomes
stabilizes with increasing concentration of the drug over
0,00015 mol/l and is 62, 18 + 4,08 % without sonication of
liposomes and 60,83 + 1,23 % with sonication of liposomes.

For obtaining liposomes from soya-bean lecithin method of
hydration/rehydration was employed. The molar absorption
coefficient = 19299,75 M~cm™ is determined.

It was found that cinnarizine effectively binds to liposomes
from soy lecithin in an acidic medium (the degree of bind-
ing is more than 60 %). The degree of incorporation of cin-
narizine into liposomes from soy lecithin (62,18 + 4,08%) is
comparable to the degree of incorporation of cinnarizine into
liposomes with the addition of hydroxypropyl-B-cyclodextrin
(70%) (Jia et al., 2007).

Values of concentration in dialysates and the value of binding of cinnarizine to liposomes in an experiment with the inclusion of

cinnarizine of various concentrations in liposomes

Without ultrasound treatment

With ultrasound treatment

Concentration of cinnarizine

without liposomes, taking Concentration of

. Degree of
Concentration 9

Ne Degree of cynnarizine e .
into account dilutioninthe ¢y harizine in dialysate,  binding with liposomes,  of cinnarizine in cynnanzine binding
dialyzer, mole/I mole/l mole/kg dialysate, mole/I with liposomes,
mole/kg

0 0,0010106 0,0003723 0,2593 0,0003898 0,2522

1 0,0009430 0,0003074 0,2583 0,0003722 0,2319

2 0,0008587 0,0003356 0,2125 0,0003225 0,2179

3 0,0007191 0,0002644 0,1847 0,0002941 0,1727

4 0,0006385 0,0002796 0,1458 0,0002512 0,1574

5 0,0005389 0,0001855 0,1436 0,0001647 0,1521

6 0,0004217 0,0001678 0,1032 0,0001457 0,1122

7 0,0002099 0,0000642 0,0592 0,0001004 0,0445

8 0,0001113 0,0000328 0,0319 0,0000672 0,0179
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