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Abstract 
Liposomal preparations have a number of advantages: they protect the cells of the body from the toxic effects of drugs; 
prolong the action of the drug introduced into the body; protect medicinal substances from degradation; promote the 
manifestation of targeted specificity due to selective penetration from blood into tissues; change the pharmacokinetics of 
drugs, increasing their pharmacological effectiveness; make it possible to create a water-soluble form of a number of 
medicinal substances, thereby increasing their bioavailability. In this work, studies were carried out for the development 
of the method for determining the degree of inclusion of cinnarizine used as a corrector of cerebrovascular accidents into 
liposomes from soy lecithin. The aim of this study was to determine the distance between the membranes of endotheliocytes, 
which is critical for the passage of a liposome through the blood-brain barrier. 
A simulation of changes in the structure of a liposome with cinnarizine located between two cell membranes was carried 
out using the molecular dynamics method at various distances between the membranes. A square planar fragment of a 
bilayer phospholipid membrane was assembled using the Internet service Charmm-GUI->Input Generator->Martini 
Maker‑>BilayerBuilder (http://www.charmm-gui.org/?doc=input/mbilayer). Geometry optimization and molecular dynamics 
simulation were performed in Gromacs 2019 using Martini 2.2 force field. According to the results of the simulation of 
coarse-grained molecular dynamics, a liposome from purified soy lecithin with cinnarizine adsorbed on its inner and outer 
surface is able to maintain integrity, being between the membranes of endotheliocytes at a distance between membranes 
of more than 8 nm. When the distance between the membranes of endothelial cells is less than 8 nm, the liposome with 
cinnarizine located between the endotheliocytes can lose its structural integrity due to fusion with the endothelial cell 
membrane.
As a result of the studies, the distance between the membranes of endotheliocytes was established, at which point the 
liposome with cinnarizine, located between endotheliocytes, can lose its structural integrity due to fusion with the endothelial 
cell membrane.
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1. Introduction 
The tasks of targeted delivery of drugs, as 

well as increasing their bioavailability, are among 
the priorities in pharmacology. Currently, the 
development of a new generation of drugs based 
on liposomes is of strategic importance, since 
it will solve many problems associated with the 
targeted delivery of drugs [1]. Liposomes attract 
researchers as model systems for studying the 
mechanisms of functioning of biomembranes, 
as promising delivery vehicles for bioactive 
molecules and drugs, and also due to the 
possibility of wide use of liposomal forms of 
drugs for the treatment of various diseases [2]. 
Thus, the development of liposomal forms for 
the treatment of cerebrovascular diseases is 
relevant [3,4]. Currently, various groups of drugs 
are used for this purpose, including calcium 
channel blockers, one of the most widely used 
and economically available drug is cinnarizine 
[5–11]. Numerous studies of the drug have 
confirmed its effectiveness in diseases such as 
cerebral atherosclerosis without severe focal 
symptoms and an ischemic stroke. It is used after 
a haemorrhagic stroke and traumatic brain injury, 
with dyscirculatory encephalopathy [12]. 

One of the scenarios for the penetration of 
liposomes through the blood-brain barrier is their 
passage between endotheliocytes [13, 14]. Such 
a scenario becomes possible under pathological 
conditions, when the permeability of the tight 
junction between endotheliocytes of the blood-
brain barrier increases due to an increase in the 
width of the gap between the membranes of 
adjacent cells [15].

The goal of the study was to determine the 
distance between endotheliocyte membranes, 
which is critical for the passage of a liposome 
through the blood-brain barrier.

2. Experimental 
For the study of the process of passage of 

liposomes through the blood-brain barrier 
between endothelial cells, we simulated changes 
in the structure of a liposome with cinnarizine 
located between two cell membranes using the 
molecular dynamics method at different distances 
between the membranes. A spherical fragment 
of the system obtained by simulation of the 
molecular dynamics of liposome formation in the 

presence of cinnarizine was used as the initial 
structure. This fragment contained a liposome 
with a diameter of 14.7 nm with cinnarizine 
(125) molecules adsorbed on the inner and outer 
surfaces, as well as water molecules (Fig. 1).

Next, using the internet service Charmm-GUI-> 
Input Generator->Martini Maker‑>BilayerBuilder 
(http://www.charmm-gui.org/?doc=input/
mbilayer) [16–19], a square flat fragment of a 
bilayer phospholipid membrane was assembled. 
The composition of this fragment was set based 
on the literature data on the composition of the 
cytoplasmic membrane of the endotheliocyte 
[20]. Also, on both sides of the membrane, layers 
of water molecules with the amount of Na+ ions 
necessary to neutralize the negative charge of 
anionic phospholipids were placed (Table 1).

The liposome was placed in an aqueous 
environment and aligned with the endotheliocyte 
cell membrane model on both sides of the 
liposome. The initial distance between the 
membranes was 15.2 nm (151.81 Å) (Table 2).

Next, geometry optimization and molecular 
dynamics simulation were carried out in the 
Gromacs 2019 program using the Martini 
2.2 force field [21]. During the simulation, 
periodic boundary conditions were used along 
all coordinate axes. The geometry of the system 
was preliminarily optimized by the gradient 
method. Next, thermodynamic balancing was 
carried out using thermodynamic balancing (310 
K) and barostatting (Berendsen barostat, 1 atm) 
[22, 23]. The simulation step in the process of 
thermodynamic balancing varied from a lower 
(0.5 fs) to the higher (4 fs). Next, molecular 
dynamics simulation was carried out for 700 ns 
with a step of 5 fs (Table 3).

The molecular dynamics of this system was 
simulated in the same way with a reduced distance 
between the membranes. For the reduction of 
the distance, some of the water molecules were 
removed from the space between the membranes. 

3. Results and discussion 
The simulation results with indication of the 

distance between the membranes are shown in 
Table 4.

The spatial structures of the states of 
the studied system during 700 nanoseconds 
of molecular dynamics simulation after 
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Fig. 1. Adsorption of cinnarizine molecules on the inner and outer surfaces of the liposome

Table 1. Composition of the endotheliocyte cell membrane model

Component Abbreviation Number of molecules
Dioleyl-phosphatidylcholine DOPC 78

Dipalmitoyl-phosphatidylcholine DPPC 368
Palmitoyl-oleyl-phosphatidylcholine POPC 226
Dioleyl-phosphatidylethanolamine DOPE 42

Dipalmitoylphosphatidylethanolamine DPPE 72
Palmitoyl-oleyl-phosphatidylethanols POPE 56

Dioleyl-phosphatidylserine DOPS 14
Dipalmitoylphosphatidylserine DPPS 12

Palmitoyl-oleyl-phosphatidylserine POPS 14
Dipalmitoyl-phosphoinositol DPPI 34

Palmitoyl-oleyl-phosphoinositol POPI 52
Dipalmitoyl-sphingomyelin DPSM 184

Palmitoyl-oleyl-sphingomyelin POSM 98
Cholesterol CHOL 534

Water – 49972
Na+ ion – 126
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Table 2. The composition of the simulated “liposome-cinnarizine-cell membranes” system 

Component Abbreviation Number of molecules
Dilinoleoyl-phosphatidylcholine DIPC 714

Dioleyl-phosphatidylcholine DOPC 156
Dipalmitoyl-phosphatidylcholine DPPC 736

Palmitoyl-oleyl-phosphatidylcholine POPC 681
Dioleyl-phosphatidylethanolamine DOPE 84

Dipalmitoylphosphatidylethanolamine DPPE 144
Palmitoyl-oleyl-phosphatidylethanols POPE 112

Dioleyl-phosphatidylserine DOPS 28
Dipalmitoylphosphatidylserine DPPS 24

Palmitoyl-oleyl-phosphatidylserine POPS 28
Dipalmitoyl-phosphoinositol DPPI 68

Palmitoyl-oleyl-phosphoinositol POPI 104
Dipalmitoyl-sphingomyelin DPSM 368

Palmitoyl-oleyl-sphingomyelin POSM 196
Cholesterol CHOL 1068

Water - 213136
Na+ ion - 126
Cl– ion 250

Cinnarizine-cation - 125

Table 3. Stages of simulation of the “liposome-cinnarizine-cell membrane” system

Stage Trigger type Number of 
steps

Step, 
fs

Duration, 
ns Barostat/tensiostat Thermostat

1 Geometry 
optimization 10000

2
Molecular 
dynamics 2000000 0.5 1

Berendsen, semi-
isotropic, 1 atm in z and 
1 atm x and y, time 
constant 6 ps

Speed scaling, time 
constant 1 ps,
temperature 310 K

3
Molecular 
dynamics 5000000 1 5

Berendsen, semi-
isotropic, 1 atm in z and 
1 atm x and y, time 
constant 6 ps

Speed scaling, time 
constant 1 ps,
temperature 310 K

4
Molecular 
dynamics 200000000 4 800

Berendsen, semi-
isotropic, 1 atm in z and 
1 atm x and y, time 
constant 6 ps

Nose-Hoover, time 
constant 5 ps,
temperature 310 K

thermodynamic balancing for the system with 
the smallest distance between membranes (3.8 
nm) are shown in Table 5. At a distance between 
membranes of 3.8 nm, the liposome fuses with 
the cell membrane. Fusion begins with the 
adhesion of the liposome to the surface of the 
cell membrane (200 ns) and the formation of 
a bridge between the liposome and the cell 
membrane (300–400 ns). Next, the semi-fusion 
of the liposome with the cell membrane occurs: 

the outer layers of the membranes of the liposome 
and the cell (700 ns) are merged. 

4. Conclusions 
1. According to the results of simulation 

of coarse-grained molecular dynamics, a 
liposome from purified soy lecithin with 
cinnarizine adsorbed on its inner and outer 
surface is able to maintain integrity, being 
between the membranes of endotheliocytes 
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Table 4. Simulation of the molecular dynamics of the "liposome-cinnarizine-cell membranes" system at 
different distances between the membranes

Distance 
between 

membranes, nm
System status

15.2

8.9

8.7

3.8
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Table 5. Simulation of the molecular dynamics of the “liposome-cinnarizine-cell membrane” system for 
a system with a distance between membranes of 3.8 nm

Time, ns System state
1 2

100

200

400

600
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End of table 5

700

at a distance between the membranes of more 
than 8 nm.

2. The results of simulation of coarse-grained 
molecular dynamics also demonstrate that if the 
distance between endotheliocyte membranes 
is less than 8 nm, a liposome with cinnarizine 
located between endotheliocytes can lose its 
structural integrity due to fusion with the 
endotheliocyte membrane.
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