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Liposome membranes with magnetite nanoparticles bocalized in the
hydrophobic region can be considered ax a magnetoelstic.

We studied an effect of external magnetic fields on liposomes coms
lzining bydrophobized magnetite nanoparticles in their membranes;
carbaxyAunrescein dye was msed as a model substance loaded mside.
The solution containing nanooompasite vesicles was kept ina constamt
magnetic field of 1.9 kQe for an bour. Before and after exposure a
fuorescence intensity of the sample was measured.

A change in the Buorescence intensity of carboxyflusrescein indicates
the release of a dye from the carrier vesicles into the solution under
the influence of an external magnetic fiehd. As in the case of elecs
iric field experimenis, the vesscles exposed io the magnetic field were
Further characterized by TEM. Analysis of micrographs obiained by
this method indicates a change in the shape of lposomes from gquasis
spherical to ellipsoidal.

Theoretical calculations based on the analogy with an electrostatic
mudel, as well as the umerical solution of the Laplace equation for a
spherical ferrodfluid layer in an external magmetic fiebd, indicate that the
shape of an ellipsoéd extended along the direction of the external mags
netic fichd stremgth is the most energetically favorable. Napocomposite
magnekic liposomes change their shape from spherical to ellipsoidal
under the influence of an external magnetic Geld. the membranes of
such vesicles are deformed. which leads to an increase in their perme-
ahility bo dye molecules.

The effects we have discovered give us a possibility of creating new
biomimetic biccompatible colloidal systems for encapsulating drugs
that have a capabilities of comtrolled nonsthermal release of encapsus
lated substamces by using extermal physical influences.
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Using the modern optical methods (Raman spectroscopy, laser inters
feremce microscapy, confocal microscopy), molecular and cellular
changes during the functioning of the nerve cell were studied. It was
found that when a series of action potentials or receptor activation is
commaeided, not only the membrane polential changes, but the viscoz.
ity of the plasma membrane. as well as the state of the mitochomdria
and the cytaskeleton of the cell.

S9.58E8. Biophysical basis of epileptic activity: the hypothesis of
membrane contamination

HernandezeCaceres 1'%, Dzhimak 5.5.%°, Drobolenke M.LY
Mechipurenko Y..%*

! Coabaan Cemter fior Neurasciences;

2 Sonthern Scientific Centre of tee RAS:

T Kihan State University;

Engethards Institute of Moleculor Biology, Russian Acodemy af
Sciences;

A Sevaniopol State Dniversity:

* jose.caceres @ coeuro edu.ca

The commonly accepted electrophysiological hallmark of epileptic
aclrvity is the paroxysmal depolarization shift {FIS)L More than fifteen

years age it was bypothesined that epilepsy i associated with mem-
brame podlution. Thix by pathesis includes the fol vaing assmptions:
1} PI¥S anses as result of the ransition of pacemaker potentiaks into
hypertrophied long=term high-amplitude depolarizations; 2) disruption
of the order of the lipid bileyver (for example, as 3 result of the inclusion
of amphiphilic substances) causes the t k
polentials o PDE [1].

Many wellsknown facts about epilepsy can be explained in the frames
work of this hypotbesis, such as the fact that refractory epilepsy can
be treated with a ketogenic diet [2] and vagus merve stimulation | 3],
the antiepileptic effects of valproate, cholesierol and other membrane
Auid stabilimers.

Additional studies are needed 1o clarify poimts | and 2. Previously, it
was shown that by changing the parameters of the pacemaker potential
mudel, one can trace the transition from ibe pacemaker potential to
paroxysmal depolarization [2]. But the question of delermining the
channels imvalved im the generation of the pacemadker potential remains
open. To madel the described processes. both experimentally and
mathematically [4], a new biophysical model is peeded. We develop
approaches to such a model in [5].

Indirect evidence supports the idea that bilayer contamination with
amphiphilic substances can enhance epilepiogenicity, but there is no
clear demonstration that membrame pollution promotes ransformation
the pacemaker potential into paroxysmal depolarization [6].
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Milric axide (N0 is one of the key signaling molecules that regulate
the body's physinlogical functions, including the mervous sysiem,
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both mormal and pathological [1]. Studies of the role of NO in the
wital activity of organisms began shortly afiter the discovery of the
regulatory role of B0 in normal vascular ione as 2 mediator of vasos
dilation [2,3.4]. Through synthases, ike level of NO is controlled in
neurons, peuraglia and microglia of the brain in pormal and pathos
logical conditions by enzymatic and nonsenz ymatic reactions. Under
physiological conditions, the funciion of MO is consistent amd in
coordination with many other regulatory systems in the nervous tis-
sue. Of great interest is the involvement of N0 in the underlying
mechanisms of the development of various pathological comditions
im the body [5]. It was found that in some pathological processes NO
plays both a protective rode amd a destructive one, which is governed
by many factors [6)]. The development of pathological processes in
the brain (hypoxia apd ischemialis associated with an increase in
the activity of the regulatory systems of the brain (including the
MO system) This is naturally acocompanied by an increass in oxygen
consumption {which exacerbates hypoxia) and an merease in unders
oxidized products in braim tissue [4,7].

Although. the role of the NO system in these condilions is sysbems
atically across the globe, there are still many ambiguities in thas
fundamental and applied problem. One of the reasons for such a
pessimistic sitmtion is the technical complexity of regulating the N0
level since MO is formed during rapid chemical reactions involving
a wide range of molecules and intermediaries, including metals,
thinls, free radicals, amino acids, calcium., and oxygen. It is relevant
to study the hiophysical patterns of changes in the N0 content durs
ing ischemic processes in the brain. Therefore, the matler of using
midern methods for detecting and gquantifying the NO content in the
tissues of living organisms in normal and experimental models of
patholagies became relevant. One of the most efective methods for
identification and quantifying MO in binlogical tissues is the electron
paramagnetic resonance (EPR ) method [B]. The authors attempied
1= detail some biophysical patterns of nitrogen monoxide formation
in cerebral ischemia. This method is based on a technique developed
by prof. Vanin et al that depends on the reaction of a radical {in this
case. N0 with a spin trap. . As a result of the reaction, an adduct
with a characteristic EPR spectirum is formeed. The authors applied
the Fe2+ complex with diethyldithiocarbamate {DETC) 1o capture
WO and form a stable triple complex {DETC)2«Fe2+=M0 in animal
lissues. These complexes are characterized by an easily recognizable
EFR spectrum with a gefacior value of g=2.035 = X040 and a triplet
hyperfine structure [E,9). The method has a sensitivity of 0.04=0.4
nMl, allows direct measurements, and is highly sensitive due 1o the
use of spin traps [B]. The work aimed o study the effects of experis
menial ischemic brain damage on the intensity of B0 produciion amd
copper content (as an indicator of superoxide dismutase) in the hips
pocampus of rats using EPR spectroscopy with spin trap technigue.
The resulls show a significant decrease in B0 content in the hips
pocampus | day after modeling ischemia by carotid artery ligation.
When modeling ischemia with simultaneous mtranasal administration
of mesenchymal stem cells (MSCx), no sigmificant difference in NO
content was found between ischemic and control rats. Afier I days,
the MO content in the hippocampus of ischemic rals was restored. In
the hippocampus of rats in which schemia was modeled with simults.
neows intranasal administration of MSCs, no significant difference m
MO content relative to ischemic rals was found after 2 days. The cop-
per content in the rat hippocampus decreased unreliably | day after
mudeling ischemia cansed by carotid artery ligation amd there was a
unrelizhly tendency to increase I days later. All in all, NO measures
menis indicate a tendency 1o restore the level of MO characteristic
to the intact amimals. 5o was found a tendency b increase the effecs
tivemess of the antioxidant system both 1 and 2 days after ischemia.
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Brovwniansyetsnot=Ciarssian (Bed ) diffusion discovensd about ten years
ago | 1] im some complex biophysical media is characterized by the nons
trivial combination featares: when one explores the meadssguared dis«
placement of random walkers, it follows the usual linear time depends
ence but the spatial profile of their probahality demsity funciion does
not correspond to the normal distribution.

Among the different physical origins of such a process, it has been
shivamn [2] that the Bnl: can emerge as a comsequence of the quenched
disnrder when a marker diffuses in a mndom medium with a kocal cors
relation of inbomogeneities. Such a structure is typical for the extracel-
lular space in the brain's parenchyma whiene local gaps mniformlby filled
by the mterstitial Auid form a complex random porous structure at a
large scale. The targeted search for features typical for the Bn( already
confirms their exisience [3].

Thus, this work explores the data oblained using the MBI mapping
of the (Gd-based conlrast agent concentrations in rat’s brain in vive,
It is demonstrated that fitting the dynamic sequence of radial crosss
sections of the concentration’s spatiotemporal distribution follows
the Laplacian probability. density function at intermediate time
scales. Further, it is followed by its transition to the Ganssian one
at large time scales {but supplied with narrowing becalised central
peak in the point of injection) that is in line with the theory of BnG
homogenization process.

In addition to the direct processing of the biophysical experimental
data. the modelling approach based on the master equation will be
presemied and discussed with a special foous on the perspectives for diss
tinguizhing between interpretations of underlying stochastic processes.
In addition, cutlooks for the uwsage of such models for quantification of
the brain extrace] lular space’s structure and topology from results of
macroscepic dynamical pictures of the salute transpart in the parens
chyma will be discussed.
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