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umpredictable change in defensive and motor activity. [t was determined
that during the formation of longsterm sensitization, which & close
reaction such as fear, there s an increase in the excitability of the main
elements of the newral metwork: sensory and command neurons. as
well as an increase in the amplitude of EPSP. (Hochner et al., 1986).
At the same time, it seems mierestng bow chamge the characteristics of
newrons imvodved in the performing of defensive and motor responses
in modlesks during anxiety. The aim of present shady was to mvestigate
haw the anxiety-like behaviowr afected the membrane characieristics
of premotor internewrons of defersive reflex in smails.

The experiments were carried out on the terrestrial mollusk Helix
Pomatia. To develop an anxiety=like behavior, 4 electrical stimuli
were applied to mollusk on the area of the bead each day with an
interval of 1.5 hours within 3 days. Then the animals had 3 days of
rest and after the same sevies of electrical simulations were repeated.
Anxiety=like behaviour was determined by behavioral tests such as
locomotion, phore and | wtom retraction time. The elecs
trophysiclogical activity of premotor interneurons was recorded on
an solated preparation of the pervous system of snaiks. The animalks
of the control group were kept in identical conditions, as well as the
animals of the group when an anxiety-like behaviour was formed. The
following parameters of the membrane characteristics of premotor
interneurons were studied: membrane polential {Ym), amplitude and
duration of excitatory postsynaptic polentials (EPSP). The registrabion
of electrophyxinlogical characteristics in snails that did not undergo the
Formation of anxsety=like behaviour was a controd.

The study of the membrane characteristics of premodor intermeurons
shivaved that the membrame potential of premolor ilermeurons of snaiks
with anxiety=like bebaviour significamly shified towards depolarizas
ton: ¥'m of the internewrons of animals with anxiety=like behaviour
wits =52 95+ 1.7 mV (p=" |, while the Vim of the infermeurons of anis
mals in the control group was 58.2+2 mY (n=6) (P<0,05).

An analysis of the EPSF activity of premotor imterneurons in snails
showed that the total amplitude of EPSP recorded from these

for storing andfor remembering the received information constitstes
memary. The Bsues of memory consolidation, mchuding the formation
of conditioned reflexes. remain relevant. Although the guestion about
the mechamisms of learning and memaory arose a long time ago, it has
nat vet been fully studied. Neuromodulation can have a significant
impact o the formation of longsterm memory [1]. Examples of news
romodulators in the simple nervows sysiem of mollusks are serobomn,
nitric oxide, and glutamate. The lferature demonsirate that serotomin
(5=HT} is the main r that modulbste defensive behavior in mols
lim=k=. 5=HT, applied to the surmounding spdution, causes several celllular
changes that leax o an increase in the defensive reflex. In addition 1o
the wellsknown role of 5=HT a5 a mediator in synaptic ransmission, it
was shown that it can perform mbegrative functions when released into
the extracellular environmemt [ 1]. These results served as the basis for
the application of 5«HT washing sodution 2= a reinforcing stimulus for
the purpase of creating cellular analogs of kearmning. By applying 5-HT
1o the sodution washing the central mervouns system, it is also possible to
reproduce the electrophysiological correlates of plasticity.

Milric oxide (M) is known as one of the most importamt signaling
mudecules regulating the physiological Functions of the body and cell
melaholism. Much atlention is drawn 1o the shsdy of the rode of NO
in the mechanisms of leaming and memary. NO=synthesizing newrons
have been found in the mervous system of inveriebrates, including mols
ks, Im molbusks, a in mammalks, N0 plays the role of an mtercellular
messenger and a signaling molecule in various parts of the nervous sys=
lem. We have shown that both the NCY donor sodium nitroprusside and
the MN=xynthase blocker L-NAME have a direct effect on the electris
cal charscieristics of ihe premoior interseurons of the terrestrial snadl.
It is known that an essential role in the regulation of brain activity,
particularly in memory processes, is played by Leglotamate, the main
excitalory peurstransmitier in both vertebrales and mamy invertehrales.
On the one hamd, we studied the effect of changes in the content of
serotonin, nitric axide and glhitamate on the formation of conditioned

in amxiety snails (1,00+0,1 mV) was slightly reduced compared o
the total amplitude of EFSP in the premotor meurons of animals in the
ooatre] group (1,320.3 mB ). The frequency of EPSP appearance in pres
mitar interneuroms in the growp of amimals with anxiety=like behaviour
did not differ From that in the internewrons of control animals,

Thus, obtained data showed that, the rest membrane potential of premo-
tar intermeuroms of defensive reflex im snails with anxiety-like behavs
iour was more depolarized compare with rest membrane potential in
premaotor intemewrans in control smaiks, while the parameters of EFSP
which reflected the activation of synapses from sensory neurons do
nat chamge significantly. The tendency to decreasing EPSFP amplitude
after the formation of an anxietyslike behavior can be explyined by the
depolarization of the membrane potential against which a pant of the
EPSF sigmal is losl. The mechamisms of the depolanization shifit of the
resting membrane potential during the formation of an anxiety=like
state requires furiber study and is the goal of owr next work.
L.Hochner B., Klein M., Schacher 5., Kandel ER. Additional in the
cellular mechanizm of presynaptic facilitation contributes o bebavioral
dishabituation in Aplysia & Proc. Matl. Acad. Sci. USA. 1986 V. B3 P,
BTGB TUE,

S8.656. Membrane correlates of learning in mlluscs: the role of
serolonin, glulamate, amd nitric oxide in the formation of condi=
tinned defensive reflexes in the grape snail
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Processes of leaming and memaory underlie behavior change, and mem-
ory is one of the main cognitive functions of the brain. The mechanism
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refl of aversion bo food and changing the environment,

as well ax on the reconsolidation of memory of these reflexes. On the
other hamd. we have conducted studies of the membrane mechanisms
of the formation of conditional defersive reflexes in a mollusk with a
simple mervous system = the lerrestrial snail. To do this, we analyzed
changes in the excitability of the p loer inder af the defens:
reflex LPa3 and RPa3: the values of the membrane potential (Y m) and
the threshold of action polential generation (W),
It was found that the application of 5-HT amd the precursor of ils syn-
thesis Sshydrocytryptophan (5HTF) into the washing solution cansed
a decrease in the membrane potential (¥m) of LPa? and EPa3 news
rias, in both istact and traimed animals. At the ssme time, in trained
and semsitized snails, unlike intact smails, this application cansed an
imcrease in threshold pobential (V). The results show that the responses
[semsilivily) of premator intermeurons o extracellulardy applied 5-HT
or S=HTP change after associalive learming and longs=term sensitization.
It has been demonstrated ihat the reconsolidstion of this contextually
dependent memaory of the situational conditioned reflex (CR) during

inder and simul inhibition of protein synthesis does not
occur if serolonin transmission i disrupted i the nervous system. It
is xhown that the development of the CR to the situation is acommpas
nied by a depolarization shift and a decrease in the ¥t of LPa3 and
EFa3 newrons. Mo further Vm changes were detected afier the reminder
(imitiation of reconsolidation) both with the subsequent injection of a
profein synthesis blocker or saline solution. The Vi of these neurons
decreases after learning and remains unchanged after the initiation of
reconsolidation.
It was found that blocking the NMDA receptor with the ME.E0
bocker i lemestrial snails accelerates the process of aversive keaming,.
It ha= been shown that the application of a MO sodium niroprusside
donor inte 2 solution washing the preparation of inlact snaiks causes an
imcreasing hyperpolarization of the membrane of premotor internens
roas at 5.5 mV by the 10th minute. The application of the L-NAME
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Nwsynthase blocker into the solution washing the isolated snail prepas
ration caused a gradual decrease in the membrane potential by 5.0 my
For 30 muiputes. Thus, we have demonstrated that in certain meuroes M0
synthesis mhibition (Le. a decrease in its amount) can cause depolarizas
tion of the membrane whilzincreasing MO cawses byperpolarization.
This allvws us o assume the cormelation of the N level in 2 neuron
wilh its membrane polential. The obtained resulls alzo indicate the need
far 5«HT for the process of recomsolidation of memaory in the example
of a grape snail.
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Aore than | million new cases of primary and secomdary liver cans
cer are registered annually. The only type of therapy remains surgical
treatment of the liver. However, Ssyear survival after liver resection
reaches 14-61%. Despite modern advances in surgical technique and
the improvement of methods for preoperative assessment of liver fumcs
tion, there is still a high risk of postoperative liver Bdbure, associated
with the presence of background hepatic pathology, as well as with
the difference in the regenerative potential of the Inver of each patient.
Stamidard chimical metbods for assessing the staie of the liver tissue are
not sufficiently informative and do mot allow a predictive assessment
of the regemerative ial of the liver Thus, the search for
new methods and criteria for imraoperative rapid assessment of the
structure and function of the liver remains an urgent task, which would
make it possible i detect the presence of pathological changes already
in the early stages, as well a5 o assess the regemerative potential of the
liver remnant. Modern labebfree methods of multiphsion microscopy
with time=resolved microscopy (FLIM) and optical second harmonic
generation (SHG) expamd the possibilities of studying the structural
and functional state of liver tissue at the cellular level.

A series of experiments were carried out oo ' Wistar rats. Normal regens
eration was induced by 30% and 0% partial hepatectomy (PH). Fibmo-
sis was induced by administration of CCH for B weeks. Sieabosis was
induced with a &% high fat diet for 12 weeks. Al different stages of
the pathalogy, we imduced regeneration by 70% FH. Monitoring of the
regeneraling liver was carried out on days 2nd and Tth after PH. Using
multiphoton microscopy, we performed analysis of the liver tissue
structure. The assessment of collagen content in the tissue was carried
ot by the SHG. Using FLIM, we analyred the contribations of the
Auarescence lifetimes of bowund forms of MADH (a2.%) and NADPH
{a3.% ). Morphological and morphometric analysis and a standand bio=
chemical blood test were performed as control methods.

As a pesult, we revealed that the regenemtion of normal liver is characs
terized by a2 uniform distribution of the BADNFH astofluorescence sigs
nal arel the absence of collagen accumulation in the tissue. The FLIM
method revealed the main optical criterion for successful regeneration
= a sharp increase in the contributions of a2 and a3 on the 3nd day of

regeneration. which is associated with an increase in the intensity of
oxidative phosphorylation amd biosynthetic processes in hepatocytes.
In case of induced steatosis and fibrosis, we identifed zones with a
reduced NAD{F}H astofluorescence signal associated with foci of
fibrosis and lipid infillration. Using FLIM we showed a decrease in
the contributions of aZ and a3 in the early stages of pathology, with a
subsequent increase in these parameters in the laler stages. With the
imduction of regeneration at the later stages of the pathology, there is
no jump in a2 and a3 on the 3nd day of regeneration, which is associs
ated with lipotoxicity and mitochondrial dysfunction in hepalocytes.
Thus, we identified the optical criteria for successful liver regenera-
tiom: & uniform distribution of the NADFIH autoflsorescence signal,
as well as a sharp increase in the contributions of the fluorescence
lifetimes of the bound form of NADH and NADPH. The criteria for
violated liver regemerative potential in the presence of pathology
defined by rones with a reduwced NAD{FIH autofluorescence signal,
as well as the absence of a sharp jump in the contributions of the
bound form of NADH and NADFH at the later stages of pathology.
The results ohtained could be useful for the developing criteria for
a predictive expresssassessment of the state of the liver tissue in
the climic.
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Yarious pathelogical comditions such as mevrodegeneration, candios
vascular diseases, cancer and aging are associated with impaired mabos
chondrial fusction and, in partscular, mitochomdrial pore (mPTP)L The
opening of mPTF leads io a acute mcrease i the permeability of the
mitochomdrial membrane, loss of miochondrial potential and triggers
ing programmed cell death = apopiosis or pecrosis. In hern, the opening
of mPTF may be caused by ROS overproduction, calcmm overload,
low substrate avadbability, inhibition of matochondrial respiratory coms
plexes, etc. Itis d that the mect of riggering apoptosis
medizted by mFTP is disnaped in umear cells, while in nesrodegeneras-
tam, the toxicity of protein 2ggregates, such as as=synuchein, is mediated
by the opeming of mFTP.

It is known that the opening of mPTP is a universal mechanism of
induction of apopiosis for various types of mammalian cells, however,
the quantilative analisis of mitochondria with opened mPTF vs. iotal
pord of mitochondria of the cell mecessary o trigger cell death has not
yel been established.

T shuddy this parameter. we selected 4 lizn cell types:
astrocyies, breast cancer cells, and fibroblasts. The cells were loaded
with a polestialssensitive TMEM dye (25 nM) and a Avorescent sub=
strate of caspase 3 NucWiew (2 ub). Next, a siep=bys-siep application of
Ferutimin {an electrogenic ionopbore nducer of mPTF opening ), medis
aling am increase in the permeability of the mitochondrial membrane
and calcium overload of mitochendria, was camried out. The opening of
mFTF ocours if the addition of ferutinin is accompanied by a rapid koss
of mitochandrial potential and the extinction of TMEM flusrescence.
The percentzge of mitochandria with opened mPTF during the induocs
tiom of apopiosis {which was evidenced by a sharp increase in BNucYew
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