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JEKIMU U TOKJAJIBI

LECTURES AND PAPERS

CIRCADIAN REGULATION OF SLEEP AND WAKEFULNESS: ROLE
OF LIGHT AND MELATONIN

Derk-Jan Dijk

Sleep Research Centre,

Faculty of Health and Medical Sciences,
University of Surrey, Guildford, UK

Introduction

Many aspects of our physiology and behaviour are organized on a 24-h time
scale and in synchrony with 24-h geophysical cycles, such as the light-dark cycle,
which are generated by the earth’s rotation around its axis. The 24-h rhythms are,
however, not just a passive response to these environmental cycles: They persist,
under constant conditions, e.g. constant darkness, albeit often with reduced
amplitude, and a period which deviates from 24 h (Hastings et al. 2007). We now
know that in mammals these endogenous circadian rhythms are dependent on a
core set of so-called clock genes which through transcriptional translational
feedback loops sustain 24-h rhythmicity. These molecular circadian rhythms are
present in nearly all organs and cells and drive biochemical and physiological
processes in these organs (Mohawk ef al. 2012).The rhythms within and across
these peripheral tissues are synchronised through a hierarchical system of internal
entrainment pathways (Saini ef al. 2011). At the top of the hierarchy we find the
suprachiasmatic nuclei (SCN) of the hypothalamus which serves as a master
circadian pacemaker driving many behavioural and physiological/endocrine
rhythms some of which serve as signals to synchronize clocks in the periphery.
The timing of circadian rhythms in the rest of the brain and body are, however,
also influenced by the timing of behaviours such as food intake and sleep. Thus
behaviours such as food intake and sleep are driven by circadian processes and
feedback onto and reinforce these circadian processes (Cajochen et al. 2003).



Circadian aspects of sleep regulation

The SCN play a key role in sleep-wake regulation in mammals. The SCN
project to sleep executive structures in the brain through indirect pathways, many
of which pass through the ventral-supraventricular zone and dorsomedial
hypothalamus (Saper et al. 2005). The SCN generate a sleep-wake propensity
rhythm which allows humans and diurnal primates such as the squirrel monkey, to
stay awake during the light period and sleep in darkness. This sleep-wake
propensity rhythm persists in the absence of an externally generated light-dark
cycle but disappears when the SCN are ablated. In the absence of the SCN sleep
still occurs and in the squirrel monkey, there is actually an increase in total sleep
following SCN ablation suggesting that the SCN primarily promote wakefulness
(Edgar et al. 1993).

Circadian rhythmicity can also be abolished by manipulation of circadian
genes. When animals are rendered arrhythmic by ablation of genes such as Cryl,
Cry2, sleep will still occur, but changes in total sleep time and deep sleep have
been reported and also the response to sleep loss is sometimes altered (Wisor et al.
2002). This suggests that even though sleep is not dependent in the SCN or key
molecular regulators of circadian rhythmicity there is some cross talk between
these systems (Dijk and von Schantz 2005; Franken and Dijk 2009).

In human the circadian sleep-wake propensity rhythm has a somewhat
paradoxical shape: The maximum circadian drive for sleep is located close to
habitual wake time, and the maximum circadian drive for wakefulness is located
close to habitual bedtime, i.e. close to the onset of nocturnal melatonin secretion
which is also driven by the SCN. The functional significance of this paradoxical
sleep-wake propensity rhythm is to counter the wake-dependent increase in sleep
propensity during the day and sleep dependent decrease in sleep propensity during
the night. Without the increasing circadian drive for wakefulness we are not able to
sustain 16 h of wakefulness and without the increasing circadian drive for sleep,
we are not able to sustain 8 h of sleep during the night (Dijk and Czeisler 1994).

The role of circadian rhythmicity in sleep regulation is not limited to sleep
propensity but also concerns sleep structure and EEG characteristics. Rapid Eye
Movement sleep in particular is under strong circadian control, but other aspects,
such as sleep spindles, are also influenced by circadian phase and are altered when
key components of circadian rhythmicity are affected (Dijk and Czeisler 1995). All
of the aspects of sleep, including sleep propensity are, however, also influenced by
sleep-wake history. This mechanism of monitoring sleep history is also referred to
as sleep homeostasis. It simply implies that the longer we are awake, the more
sleepy we are and the deeper our sleep will be. It is the interaction of circadian
rhythmicity, sleep homeostasis and social factors that ultimately determine the
timing and quality of our sleep. The circadian and homeostatic systems are not
independent from each other. Circadian phase of the melatonin rhythm and the
amplitude of rhythmic variation in the human blood transcriptome, are affected by
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sleep restriction (Moller-Levet et al. 2013). Furthermore, the circadian amplitude
of alertness and performance is affected by sleep debt. The longer we are awake
and the greater our sleep debt is, the greater is the deterioration of alertness but
especially so in the early morning hours. In contrast, during the evening hours,
during a phase known as the ‘wake maintenance zone’, which is located just before

the rise of melatonin, the effects of chronic and acute sleep loss are much smaller
(Cohen et al. 2010; Lo et al. 2012).

Entrainment/Synchronisation of circadian rhythms

Endogenous circadian rhythms need to be synchronized to the external 24-h
rhythms and this is accomplished through circadian phase dependent sensitivity of
the SCN to light information. This light information reaches the SCN through a
direct connection between the SCN and retinal ganglion cells, which are directly
light sensitive and also receive input from rods and cones. It is now well
established that in humans the circadian system is very sensitive to light and that
these effects are in part mediated by melanopsin expressing retinal ganglion cells
and their projections to various brain areas (Schmidt et al. 2011).

A primary circadian role of light is to synchronise and shift circadian
rhythms. In many blind individuals circadian rhythms are ‘freerunning’ even
though these blind individuals are attempting to adhere to a 24-h schedule. If
circadian rhythms need to be adapted to a new time zone as is the case after
transmeridian time travel, this shift can be accelerated by appropriately timed light
exposure. This phase shifting effect of light has been demonstrated in numerous
laboratory experiments (Duffy and Wright, Jr. 2005). Light can also modify the
amplitude of circadian rhythms, such that under certain conditions, the amplitude
of circadian melatonin and cortisol rhythms are much reduced, e.g. (Dijk et al
2012).

Light also exerts a more general influence on brain function during the day
and during the night, and this has been demonstrated using behavioural,
electrophysiological and fMRI approaches (Vandewalle et al. 2009). For example,
improving light exposure in the daytime work environment, can improve daytime
alertness and subsequent night time subjective sleep quality (Viola et al. 2008).
Exposure to light in the evening or during the night, leads to a suppression of
melatonin secretion and can also reduce the increase in sleepiness which normally
occurs in the evening and night time (Santhi et al. 2012).In summary, it can be
concluded that the light-dark cycle contributes to the overall temporal organization
of sleep and alertness by influencing the timing of the biological clock as well as
by direct alertness inducing effect of light, and sleep inducing effects of darkness.

How sensitive are we to light: artificial vs. sun light?

In industrialized societies, humans are exposed to both artificial light and the
natural light-dark cycle. Before the advent of artificial light people had little
control over the light-dark cycle they were exposed to. At best we could advance
darkness by retreating in a cave but we could not delay it by keeping the lights on.
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Recent experiments have investigated how the artificial light we are exposed to in
the evening influences circadian variables such as melatonin, sleepiness and EEG
assessed sleep propensity. From these data it is clear that often we wake-up after
dawn and go to sleep man hours after dusk. Between dusk and bed time we are
exposed to artificial light. When we expose people to a range of light intensities,
including near darkness and intensities comparable to the light we are exposed to at
home the impact of artificial light on circadian physiology becomes evident. The
data show that ordinary room light suppresses melatonin, makes us less sleepy and
increases the latency to sleep onset and the latency to deep sleep (Santhi et al.
2012). Thus, artificial light in the evening, some of which will be produced by
gadgets such as computer and mobile phase, has a direct influence on circadian
physiology (Cajochen ef al. 2011). In fact, it was recently demonstrated that taking
away artificial light led by sending people on a camping trip, led to an immediate
earlier timing of sleep and circadian rhythms (Wright, Jr. et al. 2013). This
sensitivity to light, in combination with the availability of artificial light that is
very efficient from a circadian perspective, makes it likely that artificial light
exposure is a significant contributor to delayed sleep timing and sleep deprivation,
which are so prevalent in our society and in particular so in young people.

Not all individuals are entrained to the light-dark cycle at the same time.
Some of us are early birds and others are night owls. Adolescents and young adults
are more likely to be night owls and older people tend to wake up earlier. These
individual differences in entrained phase may in part be mediated by variation in
intrinsic circadian period (Hasan et al. 2012; Lazar et al. 2013), genetic variation
in ‘circadian’ genes (Lazar et al. 2012) or differences in parameters of the sleep
homeostatic process (Adan et al. 2012; Phillips et al. 2010).Individual differences
in light exposure and light sensitivity across seasons (Thorne et al. 2009) and
within time zones also contribute to individual differences in entrainment. For
example, within a time zone, individuals will be exposed to an earlier or later
natural light-dark cycle, depending on whether they live on the western or eastern
border of the time zone. It indeed has been shown that within a time zone eastern
people are more likely to be early risers, but less so in urban than in sub urban
areas (Roenneberg et al. 2007). The most parsimonious explanation for these
observations is that both artificial light exposure and the natural light-dark cycle
contribute to entrainment and that in urban environments the contribution of
artificial light is large. A better understanding of the individual differences in light
sensitivity and the contribution of other circadian characteristics may aid the
development of interventions to prevent delayed sleep and irregular sleep patterns.
Development of interventions and treatments may take place within the context of
the mechanisms of entrainment and the role of artificial light exposure in
particular.

Melatonin: effects on circadian rhythms and sleep
The synthesis of melatonin is under control of the SCN through a well
described neural pathway which involved the paraventricular nucleus of the
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hypothalamic and the superior cervical ganglion of the sympathetic autonomic
nervous system. Because of this neural control assessment of the melatonin rhythm
in the periphery, e.g. blood or saliva, can serve as a reliable phase marker of central
circadian rhythms driven by the SCN (Pevet and Challet 2011). This phase marker
is, however, only reliable when ‘masking’ effects, such as the direct suppressing
effects of light, are absent. Melatonin is secreted at night in both nocturnal and
diurnal animals. In humans, the rhythm of melatonin is very closely aligned with
the endogenous circadian rhythm of sleep propensity and consolidation as well as
sleep EEG characteristics such as sleep spindles (Dijk et al. 1997).

The effects of melatonin on physiology and behaviour are primarily
mediated by MT1 and MT2 receptors which are metabotropic membrane bound G-
protein coupled receptors. They are present in the central nervous system and
periphery (Zawilska et al. 2009). Within the CNS they are primarily present in the
pars tuberalis of the pituitary and in the suprachiasmatic nucleus. The receptors in
the part tuberalis are thought to mediate effects of melatonin on endocrine changes
in response to seasonal changes in light exposure. The presence of melatonin
receptors in the SCN implies that melatonin can feedback on the nucleus which is
driving its rhythmic synthesis. The receptors in the SCN are implicated in
mediating effects of melatonin on circadian rhythms and sleep. Administration of
melatonin can in both humans and animals contribute to the synchronisation of
circadian rhythms. In humans this has been demonstrated in blind individuals who
prior to timed melatonin administration where ‘freerunning’ but became entrained
through and to 24-h administration of melatonin. Melatonin administration has also
been shown to be effective in alleviating delayed sleep phase syndrome (Wilson et
al. 2010). These effects of melatonin are thought to reflect effects on circadian
phase (Rajaratnam et al. 2003) as well as through direct sleep facilitating effects
(Rajaratnam et al. 2004). Both forced desynchrony experiments, in which sleep is
scheduled to occur at many different circadian phases of the endogenous melatonin
rhythm (Wyatt et al. 2006), as well as sleep advance (Rajaratnam et al. 2009) and
sleep extension paradigms (Rajaratnam et al. 2004) have demonstrated sleep
facilitating effects of melatonin. These effects of melatonin are particularly clear
when endogenous melatonin levels are low at desired sleep time. This is of course
the case when sleep is scheduled during the daytime, but is likely to be the case in
sleep disorders such as delayed sleep phase syndrome and may also be the case in
some older people. Recognition of these effects of melatonin has led to the
development of melatonin agonists (Arendt and Rajaratnam 2008), as well as
sustained melatonin release preparations (Lemoine and Zisapel 2012). It is of some
interest that the effects of melatonin and sustained release preparation of melatonin
on the EEG are very different than the effects of hypnotics which are allosteric
modulators of GABAa receptors.
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SLEEP APNEA AND CARDIO-METABOLICDISEASE —-DATA FROM
THE EUROPEAN SLEEP APNEA DATABASE

Ludger Grote
Sleep Disordered Center, Sahlgrenska University Hospital,
Gothenburg, Sweden

Obstructive Sleep Apnea (OSA) is characterized by repetitive breathing
pauses causing intermittent hypoxia and sleep fragmentation. In addition,
cardiovascular function is characterized by repetitive blood pressure elevations and
heart rate accelerations. Long-term consequences include daytime hypertension,
compromised blood pressure control in already diagnosed hypertensive patients as
well as increased risk for cerebrovascular disease. The risk for myocardial
infarction may also be elevated in patients with a long-term exposure to OSA but
evidence for a causal relationship between ischemic heart disease and OSA is less
strong. Pathomechanisms include autonomic activation, increased inflammation
and neuro-endocrine activation. Atherosclerosis may be accelerated in patients
with OSA, especially in younger patients with concomitant obesity. In general,
confounders like age, gender and central obesity play a major role when
establishing cardiovascular and metabolic consequences of OSA. The profound
knowledge is based on a number of mechanistic, epidemiological and
interventional studies performed in both patients’ cohorts and in population based
studies.

One important step was the creation of the European Sleep Apnea Database
— ESADA —which started in 2006 as a collaborative database effort between more
than 20 European sleep centers. The ESADA initiative was initially sparked by the
EU COST action B26 project which addressed multiple aspects of sleep disordered
breathing in Europe.

The ESADA project has been exceptionally successful and currently
contains data from more than 15 000 European patients. The recruitment rate is
stable with approximately 500 new patients per quarter. We currently have 24
actively reporting centers. The network organizes one annual major meeting;
additional group activities are coordinated in conjunction with major European
conferences (ESRS/ERS). The project has been presented at several national and
international congresses during the past 5 years.

Currently, analysis of the cross sectional data is ongoing in 16 different sub-
projects including cardiovascular, metabolic, and psychiatric co-morbidities,
driving license status, regional differences in phenotype as well as analysis of
different diagnostic methodology used in the diagnosis of OSA patients. Specific
analysis is focused on issues related to concomitant medication in this patient
group. Genetic samples are stored from more than 2600 patients of the cohort for
future analysis.
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A major effort within the ESADA network will focus on the assessment of
follow up data in OSA patients on different treatment modalities. Prospective
information will be extracted from this database in order to assess outcomes like
incidence of CV endpoints, change in cardiovascular, metabolic, inflammatory and
cognitive parameters. We expect that this type of information from the ESADA

may have a significant impact on clinical management of sleep apnea in Europe.
In the lecture, general principles on the effect of OSA on cardio-metabolic

disease will be presented together with the most recent findings from the largest
European patient cohort.
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NEURONAL NETWORK RESPONSIBLE FOR THE GENESIS OF
PARADOXICAL (REM) SLEEP

Pierre-Hervé Luppi

Director of the team "Physiopathology of the neuronal
network of the sleep-waking cycle"’

of the centre of Neuroscience of Lyon, France

1. Localizationof the pontine generator responsible for Paradoxical
sleep (REM sleep)

It was first shown that paradoxical sleep (PS) persists following
decortication, cerebellar ablation or brain stem transections rostral to the pons. In
contrast, transection at the posterior limit of the pons suppressed PS. It was then
demonstrated that a state resembling PS is still visible in the “pontine cat”, a
preparation in which all the structures rostral to the pons have been removed.
These results indicated that brainstem structures are necessary and sufficient to
trigger and maintain the state of PS, a concept still valid today. By using
electrolytic and chemical lesions, it was then evidenced that the dorsal part of
pontisoralis (PnO) and caudalis (PnC) nuclei contains the neurons responsible for
PS onset. Furthermore, bilateral injections in cats of a cholinergic agonist,
carbachol into the dorsal area of PnO and PnC, also named peri-locus coeruleus a
(peri-LCa), pontine inhibitory area (PIA), subcoeruleus nucleus (SubC) and, more
recently, sublaterodosal tegmental nucleus (SLD) in rats dramatically increases PS
quantities in cats. It was then shown by unit recordings in freely moving cats that
many SLD neurons show a tonic firing selective to PS (called “PS-on” neurons). It
was thought that SLD PS-on neurons are cholinergic until we recently showed that
they are glutamatergic (Luppi et al., 2011).

2. Network responsible for Paradoxical sleep (REM sleep)

REM sleep onset would be due to the activation of glutamatergic REM-on
neurons localized in the sublaterodorsal tegmental nucleus (SLD). During W and
NREM sleep, these REM-on neurons would be inhibited by a tonic inhibitory
GABAergic tone originating from REM-off neurons localized in the ventrolateral
periaqueductal gray (vVIPAG) and the dorsal part of the deep mesencephalic nucleus
(dDpMe). These neurons would be activated during W by the Hcrt neurons and the
monoaminergic neurons. The onset of REM sleep would be due to the activation
by intrinsic mechanisms of REM-on GABAergic neurons localized in the posterior
lateral hypothalamic area, the dorsal paragigantocellular reticular nucleus (DPGi)
and the vVIPAG. These neurons would also inactivate the REM-off monoaminergic
neurons during REM sleep. The disinhibited ascending SLD REM-on neurons
would in turn induce cortical activation via their projections to intralaminar
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thalamic relay neurons in collaboration with W/ REM-on cholinergic and
glutamatergic neurons from the LDT and PPT, mesencephalic and pontine reticular
nuclei and the basal forebrain. Descending REM-on SLD neurons would induce
muscle atonia via their excitatory projections to glycinergic premotoneurons
localized in the alpha and ventral gigantocellular reticular nuclei (Gia and GiV).
The exit from PS would be due to the activation of waking systems since PS
episodes are almost always terminated by an arousal. The waking systems would
inhibit the GABAergic REM-on neurons localized in the DPGi and vIPAG. Since
the duration of PS is negatively coupled with the metabolic rate, we propose that
the activity of the waking systems is triggered to end PS to restore competing
physiological pa-rameters like thermoregulation (Luppi et al., 2011).

Paradoxical (REM) sleep o OORTIGAL
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1. Luppi, P.H., Clement, O., Sapin, E., Gervasoni, D., Peyron, C., Leger, L., Salvert, D., and Fort, P.
(2011). The neuronal network responsible for paradoxical sleep and its dysfunctions causing
narcolepsy and rapid eye movement (REM) behavior disorder. Sleep Med Rev 15, 153-163.
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SLEEP IN BIRDS

Oleg Lyamin

Sepulveda Research Corporation, VA GLAHS and UCLA,

North Hills, CA, USA

Utrish Dolphinarium Ltd., Moscow, Russia

A.N. Severtsov Institute of Ecology and Evolution, Moscow, Russia
e-mail: olyamin@ucla.edu

Two distinct stages of sleep, slow wave sleep (SWS or Non-REM sleep) and
rapid eye movement (REM) sleep, are present in all terrestrial mammals and
birds.SWS is characterized by high voltage EEG slow (1-4 Hz) waves. REM sleep
1s characterized by fast, low voltage EEG activity (similar to that in waking), rapid
eye movements, reduced muscle tone, muscle jerks and by irregular bursting
activity of the brainstem neurons (Siegel 2013). Several studies have suggested
that REM sleep may be present in reptiles while the majority reported no evidence
for this. Search for REM sleep in amphibians and fish have produced even more
contradictory results, making it difficult to reach a conclusion which sleep stages
(if any) are present in them. Therefore, the birds are the only confirmed
nonmammalian taxonomic group which exhibits unambiguous SWS and REM
sleep.

SWS in birds, as indicated by EEG slow waves, is associated with
behavioral features of sleep such as immobility and closure of one or both
eyes.The degree at which SWA increases during transition from wakefulness to
SWS is smaller in birds when compared to most mammals. Several bird species
were reported to display only one eye closure at a time when in SWS which was
associated with interhemispheric slow wave EEG asymmetry (also often called
“unihemispheric SWS” as in marine mammal). In reality, only in a few species
(e.g., in the European quail) the notable EEG asymmetry can last over a minute
while in the others (the pigeon, ostrich) the asymmetry is hardly detectable. In
general the degree of interhemispheric EEG asymmetry during SWS in birds is
much smaller and the duration of such episodes is shorter than in marine mammals.
It has been suggested that bird utilize “unihemispheric SWS” and sleep with one
eye closed at a time for antipredatory vigilance. Another hypothesis proposes that
birds utilize USWS for flight (Rattenborg et al., 2009).

Most features of mammalian REM sleep have been recorded in birds, such
as cortical EEG activation, rapid eye movements, muscle tone reduction and jerks.
However, in most avian species REM sleep episodes are very short (typically
lasting several sec) and they are not characterized by any detectable muscle tone
reduction. In several studies REM sleep was scored in birds based on the EEG
arousal which followed SWS. Therefore, the main problem to accurately score
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REM sleep in most avian species is to differentiate REM sleep from short
awakenings.

The reasons for small amount of REM sleep and short REM sleep episodes
in birds are unknown. It cannot be excluded that REM sleep in birds differs in
some basic features, functions and underlining mechanism compared to that in
mammals. Another hypothesis is that birds differ from mammals in the duration
and degree of cortical activation accompanying the brainstem REM sleep and their
synchronization.

Unusual REM sleep has been recently recorded in the ostrich, one of the
most primitive (or basal) birds (Lesku et al., 2011). During REM sleep in ostriches,
forebrain EEG alternate between low voltage (REM sleep and waking like)
activation and high voltage slow waves (SWS or non REM sleep like) as described
in the platypus (a species of monotremes, Siegel et al., 1998). Moreover, it has
been reported that ostriches have the longest REM sleep episodes (longer 5 min),
and more REM sleep (26 % of 24-h) overall ever recorded in avian species. At the
same time, brainstem neuronal activity — the key indicator of REM sleep in
mammals, has not been ever investigated in sleeping birds. Therefore, it seems that
two types of REM sleep are recorded in avian species: 1) short REM sleep
episodes with rapid eye movements and muscle jerks coincided with cortical
activation as recorded in most studied birds (“typical” REM sleep); 2) unusually
long episodes with phasic events coincided both with cortical activation and SWS
as recorded in the ostrich (“heterogeneous” REM sleep; Lesku et al., 2011).

It is not clear whether sleep is homeostatically regulated in birds as in
mammals. There are only a few studies of effect of total sleep deprivation in
avians. Earlier studies failed to detect compensatory response to a 24-h total sleep
deprivation in the pigeon as shown by an increase in SWA during the recovery.
The recent studies showed that following sleep deprivation SWA increased
significantly during recovery in birds, although the time spent in SWS did not
change.

Studying sleep in birds is an approach to understanding the fundamental
function (s) and mechanisms of sleep across homeotherms, including humans.
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['omeoTepmusi crtanma  BO3MOXKHOM  TIpPU  pPa3BUTUM  TaxuMeTabOIM3Ma,
obecrieunBamero >PpQPEKTUBHYIO aKTHUBHYIO >KU3HEACATEIBHOCTH BHUIOB; 3TO
noTpeOOBajIo BBIIEICHUS JIOCTATOYHOIO BPEMEHM Ui SKOHOMHMM PacXoJi0B
DHEPTUH, «PEMOHTa» HAPYIIEHHBIX OEJKOB U YCKOPEHHUS CHHTE3a HOBBIX OEJIKOB,
HEOOXOJMMBIX JIJII BOCCTAHOBJICHUSI CTPYKTYPHI M (DYHKITMM HEPBHBIX KIETOK. B
XOJ1€ ABOJIFOLIMHU OB HAlJIEH BBIXOJ — IOCTOSIHHOE Yepel0BaHuEe OOIPCTBOBAHUS U
cHa.Ocraercsi 3arakoil (yHKIIMOHAJIHHOE 3HAUCHWE YEePEJOBAHMNA MEIJICHHOTO
(MC) u 6wicTporo (bC) cna y romeorepmoB [17].PaccmoTpum cieayroniue rpymnbl
(akTOB M UX BO3MOXKHYI0 MHTepripeTaiuio. A. ToranpHas nenpuBanus NOKOS WU
CHA W TNPOJOHTMpPOBaHUE OOJPCTBOBAHUS BbBI3BIBAIOT KJIIETOYHBIM cTpecc U
BO3pacTaHUE KOJIMYECTBA OEJIKOB C HAPYIIEHHOW MPOCTPAHCTBEHHOM CTPYKTYPOM,
YTO SIBJISIETCSI OCHOBHBIM CHUTHAJIOM JUIsl TEHHOM SKCIPECCUU IIAIEPOHOB B MO3Ire
[15]; cunTe3 Oenka B mo3re mojaamieH. K coxkalieHuio, Bemymiass COBpEMEHHas
rUIoTe3a O BaXHOW poiu marnepoHoB cemeiicrBa HeatShockProtein 70 x/la
(HSP70) B OmocunTe3e OenkoB M BoccTraHoBieHHMH cHa [14,20]) ocHoBaHa Ha
U3YYECHHHM CTPECCOBBIX MOJEIEH M HE II03BOJIIET ONPEACIIMTb, CBs3aHa JIU
DKCIPECCUS IIANIEPOHOB CO CTPECCOM WM C JIMIIEHUEM CHA M KaKue IIanepOHbI
nmeroT otHomeHue Kk MC u kakue k bC.

Cnenyromme 3 rpymmbel ¢aktoB kacatorcs B ocHoBHOM MC. b. Kitouesoit
¢ynkmueit riomybokoro MC sBIsieTCsl CHI)KEHHE KaTaOOJUYECKHX IMPOLECCOB U
yBEIIMUEHUE CKOPOCTU CHUHTe3a Oenka B mo3re [16,18]; skcnpeccus 1manepoHOB,
BUIMMO, 3aTopMoxkeHa [20]; B. ¥V roMeoTepMHBIX >KMBOTHBIX HHAYLUUOEIbHBIN
Hsp70i yBenuuMBaeT IIUTENBHOCTh 3MU30J0B U 00Iee BPEMSI «ECTECTBEHHOIO)
MC u ymensmaetr bC [7]; y 3k30reHHOr0 KOHCTUTYTUBHOrO Hsc70 coMHOreHHoe
nevicteue He BbisgBIeHO. [. Oddexkter Hsp70i ycunmuBaroTcss B IEepUOA
peabunuranuu Tocyie crpecca [3]. OTU W psAx apyrux (akToB MO3BOJISIOT
npeanoiaratb, 4YTo HMHAyUUOENbHbIE (OPMBI  IIAIEPOHOB  BOBJEYEHBI B
BOCCTAHOBJICHHE HApYIIEHHBIX NpHU CTpecce OEIKOB U Jerpajgaiuio 1epeKTHhIX
OEKOBBIX MOJIEKYJI (BO B3aUMOJCHCTBUU C YOUKBUTHH-TIPOTEACOMHON CHCTEMON).
OTO MOXET MNPOUCXOAUTHh NPU TNEPexoje OT aKTHUBHOrO OOJPCTBOBAaHUS K
riyookomy MC (B smm3ofax MOKOS/CIIOKOMHOTO OOJPCTBOBAHUSA, JIPEMOTHI,
nosepxHoctHoro MC). [lns Bo3pacTaHusi CHHTE3a HOBBIX OEJIKOB M, BO3MOXHO,
UCIIPaBJIEHUS] UX MPOCTPAHCTBEHHOU CTPYKTYPBI ([JaXKe B HECTPECCOBBIX YCIOBUAX
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oonee 30% OEIKOB «POXKIAIOTCS» C HEMPABHIBHON CTPYKTYpO) yCHIUBAETCS
«paboTa» KOHCTUTYTHUBHBIX (POpPM, KOTOpbIE TpeOYIOT OONBIIETO BPEMEHH IS
peanu3auuu CBOUX QyHKUHUM.

[ukn cnHa, cocrosimuii u3 uepenoBanuss MC u BC, mosiBisiercas B mpoiiecce
SBOJIIOIIMU  SHJIOTEPMUU/TOMEOTEPMUM Yy MJIeKomuTaromux U mrun [13,21].
Baxnenmeit ¢pyukiueir bC sBisercs cioHTaHHas akTUBAIMSA Mo3ra Ha (OHE CHa,
BO BpeMsi KOTOPOW YCHJIMBAETCS KpOBOOOpAIICHHE M MOBBILIIAETCS TeMIlepaTypa
Mmo3ra [6,10]. M0>XHO IpUBECTH JUIIb KOCBEHHBIE JAHHBIE O TOM, YTO YCIJIOBHS BO
BpeMsi bC moryT ObITh OJaronpusTHBIMHU JIJIi BOCIOJHEHHUS IyJia IIANepOHOB,
pacxoJ0BaHHOTO B MPEALIECTBYIOMUX cTaausx napeMotrsl U MC. Bo-nepBbix,
3¢ HeKTUBHBIM criocoO0oM ToBbINIeHUs dkcnpeccurt HSP70 u npyrux manepoHoB u
MOBBIIIEHUS MX COJIEpPKaHHUSI B CTPYKTypax MO3ra SBISETCS IOBBIIICHUE
TEeMIIepaTypbl MO3Tra Mpu OOJPCTBOBAHWU W JCHPHUBAIMU CHA U, OCOOEHHO, MpHU
TEIJTIOBOM MPEKOHAUIIMOHUPOBaHuUU [5,9,20].

[ToBpimenue Ttemmeparypsl mo3ra B smm3ogax bC Oomee sddekTuBHO: OHO
MPOUCXOJUT CHOHTAHHO U JIOCTUTaeTCsl HSHEPreTUYECKH 00Jiee IKOHOMHBIM
CIIOCOOOM - BCJIC/ICTBUE YBEIUYEHUS MMPUTOKA B MO3T TEIUION apTepHaibHON KPOBU
MO0 TO3BOHOYHOW apTEepUU M JIOKAJIBHOTO YCUJIEHHS] OOMEHHBIX IPOILIECCOB B
HepBHOM TkaHu [10,11]. Bo-BTOpbIX, CKeJeTHbIe MbIMIBL B snu3zonax bC
HAXOJSATCA B COCTOSHUU «(PYHKIMOHAIBHOTO Mapaiuya» (ATOHHHM) U B HHX, IO-
BUJIUMOMY, HE TPOUCXOJUT OIKCIPECCUsl IIANEPOHOB, YTO cO3/aeT Oolee
ONarompusATHBIE YCIIOBUSA IJIsi UX DKCIPECCHU B TOJOBHOM Mo3re. B Tperbux,
U3BECTHA HEKOTOpas M30MPATETBLHOCTh JKCIPECCUU MIANIEPOHOB B Pa3IUYHBIX
CTPYKTypax mo3ra [4]. MoXHO TIPEeANoNIoKUTh, YTO OnaronpusitHeie ycinoBus bC
CIOCOOCTBYIOT CBEPXIKCIPECCUU IIIANIEPOHOB, UX BBIXOJY M3 HEUPOHOB, T'NI€ OHU
HKCIPECCUPOBANINCH, BO BHEKJIETOUYHOE MPOCTPAHCTBO W JUKBOpP. OHH MOTYT
MHTEPHAJIM30BaThCI B T€X HEPBHBIX KJIETKAaX, CMHAICAX U PELEeNTOpax, KOTOpPbIE
yuyacTByloT B peryjsinud bC u OoapcTBOBaHMs, HO B KOTOPBIX OTCYTCTBYET
AKCIPECCHsl IarepPOHOB.

Henb3st  oboifTu  MonuaHueM  MakcumanabHOe  KoiaudectBo bBC B
TEPMOHEUTPATILHON 30HE Y 3YTEPMHBIX, B T.Y. 3UMOCIISAIINX MJIEKONUTaOmuX [19]
Uy HE3PEJIOpOKIAIOIINXCA BUIAOB B IIEPBbIE JHU IMOCIE POKICHHUS, KOTIa
OOJBIIMHCTBO AKCOHOB HE JIOCTUTAIOT CBOMX MHIIEHEH U  MPOLECCHI
CUHAINTOreHe3a eule He 3aBepuieHsl [13]. M3BecTHO, 4TO manepoHbl y4acTBYIOT B
pazbopke u cOOpke OCITKOBBIX KOMILICKCOB cHHANCOB [1]. YacTeie U miuTeIbHBIC
smu3oasl bC moryT obecrieunBaTh PHIOTCHHYIO AaKTHBAIIUIO HEPBHOW CHCTEMBI,
HEOOXOAMMYIO JIJISl DKCIPECCUU IIANEePOHOB U UX Y4YacTUS B OMOCHHTETUYECKHX
npoueccax. Ilockonbky BC He coBMmecTuM co ctpeccoMm, TO BOo Bpemsa bC
MIPOUCXOJIUT, BUUMO, IKCIIPECCHS KOHCTUTYTUBHBIX ()OPM IITATIEPOHOB.

Henb3st uCKIIIOUNTH, YTO HE BCE M3JIOKEHHBIC BBIIIE MPEANON0KEHUS U JOTAJIKU
OyIqyT MOATBEPKACHBI SKCTIEPUMEHTATbHO. Brime (myHKT B) MBI cooOmnmmmm o0
yBennuenn MC npu nosbsiieHuu ypoBHst Hsp701 B mo3re [7]. B kieTouHbIX
MOJENsIX TokazaHo, urto ko-manepoH Hdjl w3 wmacca HSP40 tecHo
B3aumozercteyer ¢ Hsp701, konTpomupys nporecc cBa3biBanust Hsp70i ¢ 6enkoM-
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«xmmeHToM» [12]. Mer mpeamonoxunu, 4yto Hdjl oka3siBaeT comMHOTEHHOE
nevicteue, cxognoe ¢ Hsp70i. C Ttem, 9T0OBI MOATBEPAUTD ITO, CAETaHA MOIBITKA
(U3HOTOrNYECKH KOPPEKTHO YMEHBIINTHh ypoBeHb Hdjl B OCHOBHOM «IIEHTpE»
CHa B BEHTpojaTepaibHON mnpeontuyeckoi obsactu (BJIIIO) runmoranamyca y
Kkpbic Buctap ¢ nomompto seHtuBupycHo koHctpykuuu pLKO.1-shRNA-Hdjl,
coaepxamein crneuuduyeckue mmwiednsie MukpoPHK Hdjl. B mwmpoBoii
JUTEpaType TAKUE UCCIIEIOBAHUS OTCYTCTBYIOT. ¥ CTAHOBIJIEHO, YTO Uepe3 6 Helelb
noclie TpaHcEeKInu MPOUCXOAUT cHikenue (Ha 65-80%) yposus Hdjl B BJIIIO,
KOTOPOE CONPOBOXKJIAETCS, HE YMEHBIICHUEM, KaK Mbl OXKUJAIH, & YBEJIUYCHUEM
Bpemenu MC (B cpennem Ha 60% B akTuBHOU (TeMHOI) ¢aze cyTok) [8]. Otu
JaHHbIE YKa3bIBalOT Ha TO, u4TOo Ko-manepoH Hdjl sBusercs momymnsitopom
6onpcrBoBanus B otinune ot Hsp701, momynupytomero MC. MoxxHO q1ymaTh, 9TO
yBenumuenne ypoBHs Hdjl Mormo Ob1 ocnmaGmsiTh (yHKIIUIO TOPMO3HOW CHCTEMBI
BJITIO «mo ynep:kaHuio HEHTPOB OOJPCTBOBAHMS B BBIKIIFOUEHHOM COCTOSHUN.
Ecnu ncnonb3oBaTh 00pa3HOE BbIpaKE€HUE, NPUBEACHHOE B MOHOorpaguu [2], TO
Hdjl «BbIkIOUaeT BbIKIIIOYEHUE» €O cTropoHsl BJIIIO u pacTtopmaxkuBaer
MexaHu3Mbl OoapctBoBaHus. Kak coBmemnatorcs usmeHeHuss ypoBHs Hdjl B
HelipoHax «ueHTpa» cHa B BJIIIO ¢ BoccTaHOBIIEHHEM CTPYKTYphl OEJIKOB U
CHUHTE30M HOBBIX O€JIKOB, OCTAE€TCS HEU3BECTHBIM.

Takum oOpa3oMm, BIEpBbIE TMPOBEACH aHAIU3 KIIOYEBBIX MOJEKYJISPHBIX
mexaHnusMoB MC u BC u uX uepenoBaHHMs B LMKIE CHA, MNPOUCXOASALIEM
€KEIHEBHO B TEUEHHUE BCEH KU3HM Y YEJIOBEKA U BCEX TOMEOTEPMHBIX KUBOTHBIX.
OO0ocHOBBIBaE€TCS ~ TNPEACTABICHWE O  KPUTUYECKOM  3HAYeHUM  JJis
KU3ZHENIEATEIPHOCTH TOMEOTEPMOB  LIMKIMYECKUX HW3MEHEHUH 3KCIPECCHU
maneponoB HSP70 (B smmuzomax 6oapcrBoBanuss 1 bC) U yCcKOpeHHs] CHHTE3a
oenkoB (B »mum3omax Tmiyookoro MC), HEOOXOAMMBIX MJII BOCCTAHOBJICHUS
ctpykrypsl U ¢yakiuu [[THC, pa3Butus mosra, moauepKaHusi ToMeocTa3a CHa U
TypHOBepa Oenka. Pe3ynbpraTel aHanmm3a KacaloTCs MOJEKYJSIPHBIX MEXaHHU3MOB
HapyLIEHUH CHA, KOTOPbIE YACTO MPUBOJAT K PA3IMUHBIM 3a00JI€BAHUSAM.
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Homeothermy became possible in developing tachymetabolism, providing with
effective active vital functions of species; it took time enough for economy of
energy expenditure, “repair’ of impaired proteins and an acceleration of new
protein synthesis necessary for the recovery of structure and function of nervous
cells. During evolution the way out was found — it is a permanent alternation of
wakefulness and sleep. Functional importance of the alternation of Non-rapid eye
movement sleep (NREMS) and REMS in homeotherms remains a mystery [17].
Consider the following groups of facts and their possible interpretation. A. Total
deprivation of rest or sleep and prolongation of wakefulness induces cell stress and
an increase in quantity of proteins with impaired structure, that is the basic signal
for genetic expression of chaperones in the brain [15]; synthesis of the protein in
the brain is inhibited. Unfortunately, the leading modern hypothesis about the
important role of chaperone family Heat Shock Protein 70 kDa (HSP70) in protein
biosynthesis and sleep recovery [14,20]) is based on a study of models of stress
and does not permit to determine whether chaperone expression is associated with
stress or sleep deprivation and which proteins are related to NREMS and which
ones to REMS.

The following 3 groups of facts are basically related to NREMS. B. The key
function of deep SWS is a decrease in catabolic processes and an increase in rate of
protein synthesis in the brain [16,18]; the expression of chaperones seems to be
inhibited [20]; C. In homoeothermic animals, inducible Hsp70i increases the
duration of episodes and the total time of “natural” NREMS and decreases REMS
[7]; exogenous constitutive Hsc70 was found to have no effect. D. Effects of
Hsp701 enhances during the period of rehabilitation after stress [3]. These data and
a range of another facts allow to presume that inducible forms of chaperones are
involved in recovery of impaired proteins under stress and in degradation of faulty
protein molecules (in interaction with ubiquitin proteasome system). It may occur
during transition from active wakefulness to deep NREMS (in episodes of
rest/quiet wakefulness, drowsiness, superficial NREMS). To increase synthesis of
new proteins and, perhaps, improvement of their spatial structure (even under no
stress, more than 30% proteins are “born” with incorrect structure) “the work™ of
constitutive forms enhances that takes more time to realize the functions.
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Cycle sleep consisting of alternation of NREMS and REMS appears in the
process of evolution of endothermy/homeothermy in mammals and birds [13,21].
The most important function of REMS is spontaneous brain activation during sleep
that leads to an enhancement in circulation of the blood and an increase in brain
temperature [6,10]. One can give only indirect data that the conditions during
REMS can be favorable to recover the pool of chaperones spent in the previous
stages of drowsiness and NREMS. First, an increase in brain temperature during
wakefulness and sleep deprivation and, especially, during thermal preconditioning
1s an efficient way to enhance HSP70 expression and another chaperones and
elevate their content in brain structures [5,9,20].

An increase in brain temperature in episodes of REMS is more efficient: it occurs
spontaneously, and the way to achieve it is energetically more economical — on
account of an increase in inflow of warm arterial blood to the brain by vertebral
artery and a local enhancement in metabolic processes in the nervous tissue
[10,11]. Second, the skeletal muscles in episodes of REMS are in the state of
“functional paralysis” (atony) and they seem to have no chaperone expression that
produces more favorable conditions for the expression in the brain. Third, there is a
certain selectivity of chaperone expression in various structures of the brain [4]. It
1s to be proposed that favorable conditions of REMS contributes to chaperone
overexpression, their issue from neurons (where they were expressed) to
extracellular space and liquor. They can be internalized in those nervous cells,
synapses and receptors, which participate in regulation of REMS and wakefulness,
but which have no chaperone expression.

It is impossible to ignore maximal quantity of REMS in the thermoneutral zone
in euthermal, including hibernating mammals [19] and altricial species for the first
days after their birth, when the most axons do not reach the targets, and the
processes of synaptogenesis are not completed yet [13]. It is known that
chaperones participate in disassembly and assembly of protein complexes of
synapses [1]. Frequent and long-lasting episodes of REMS can provide
endogenous activation in nervous system, which is necessary for chaperone
expression and their participation in biosynthetic processes. Since REMS is not
consistent to stress, then the expression of constitutive forms of chaperones seems
to occur during REMS.

It is possible that not all the above hypotheses and guesses will be experimentally
confirmed. The above (item C), we reported an increase in NREMS when the level
of Hsp70i is elevated in the brain [7]. Cell models showed that co-chaperone Hdj1
(family HSP40) closely interacts with Hsp701, controlling the process of Hsp701
binding with the protein-“client” [12]. We assumed that Hdj1 exerts a somnogenic
effect similar to Hsp70i. In order to confirm it we undertook an effort to
physiologically correctly decrease the level of Hdjl in the basic “center” of sleep
in the ventrolateral preoptic area (VLPA) of hypothalamus in Wistar rats by
lentiviral construction pLKO.I1-shRNA-Hdjl, containing specific hairspin
microRNA Hdjl. There are no such investigations in the world literature. It was
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found that 6 weeks after the transfection the level of Hdjl in the VLPA decreases
(by 65-80%), which is accompanied by not a decrease, as we expected, but an
increase in time of SWS (in average by 60% in active nocturnal phase of the day)
[8]. These data indicate that co-chaperone Hdj1 is a modulator of wakefulness in
contract to Hsp701i, modulating NREMS. One can think that the increase in the
level of Hdj1 could attenuate the function of inhibitor system of the VLPA directed
to “keep up the centers of wakefulness in the state off”. Using figure of speech,
given in the monograph [2], it is possible to say that Hdjl “switches off the
switching off” by the side of the VLPA and uninhibits the mechanisms of
wakefulness. The issue of how changes in the level of Hdjl in neurons of the sleep
“center” in the VLPA coincide with the recovery of protein structure and synthesis
of new proteins remains unclear.

Thus, for the first time analysis of key molecular mechanisms of SWS and
REMS and their alternation in the sleep cycle occurring daily during the whole life
in humans and all homoeothermic animals was conducted. The idea related to
critical importance of cyclic changes of chaperone HSP70 expression (in episodes
of wakefulness and REMS) and an acceleration of protein synthesis (in episodes of
deep NREMS) necessary for the recovery of structure and CNS functions, brain
development, maintenance of sleep homeostasis and protein turnover is validated
for wvital activity of homeotherms. Results of the analysis regard molecular
mechanisms of sleep disturbances that frequently result in various diseases.
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SLEEP AND THE NEW BRAIN PARADIGM

Ivan Pigarev

Institute for Information Transmission

Problems (Kharkevich Institute), Russian Academy of Science,
Moscow, Russia

Abstract. Up to the present time cerebral cortex was considered as substrate for
realization of the higher psychical functions and consciousness, and different cortical areas were
regarded as structures specialized for processing of information coming from one particular
sensory modality (visual, auditory, somatosensory and so on). Last studies of the cortical
neurons in sleep-wake cycle demonstrated that during sleep the same neurons in the same
cortical areas switched to processing of signals coming from the various visceral systems. After
awakening these visceral responses disappeared and the neurons came back to processing of
information coming from the external world. These observations indicate that most likely
cortical areas are universal processors performed particular operations with incoming
information independent of its origin. During wakefulness results of the information processing
on the cortical level are directed to structures connected with organization of behaviour and
consciousness, i.e. to basal ganglia. During sleep cortical output should be directed to structures
performed higher integration of the visceral information, i.e. towards the hypothalamus. Results
of sleep studies together with growing body of data from the other fields of neuroscience indicate
that brain paradigm accepted in the twentieth century (in terms of T. Kuhn) should be changed.

In spite of thousands of studies devoted to investigation of various aspects of
sleep up to the present time we did not have any satisfactory hypothesis which
could unite all reported observations in a single and non contradictive theory. This
fact can be connected with the main paradox of sleep state. It is generally accepted
that sleep deprivation causes multiple visceral dysfunctions and finally
unavoidable death of animal without obvious pathological changes in the brain. On
the other hand the brightest changes during transition from wakefulness to sleep
are happening in the central nervous system (including cerebral cortex). It stayed
unclear how all known changes in cortical activity during sleep could be related to
visceral health? This situation let us propose that it is likely that difficulties with
understanding of sleep function are connected with wrong general paradigm [1] of
brain organization which was established in the second part of the twentieth
century and was based on the results obtained in studies performed in
wakefulness. Below we formulate the main elements of this paradigm as we see it.

Current paradigm used in brain studies

1. The hierarchical principle of information processing is dominated in brain
organization.

2. The cerebral cortex is considered as substrate of the highest level of
information processing connected with cognitive functions, consciousness and
memory.
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3. Within the cerebral cortex information is processed in the serial "streams"
of sensory areas, starting from the primary sensory representations towards the
areas of higher level of analysis.

4. The tops of this hierarchy are the associative areas of the parietal,
temporal and especially frontal cortex, where flows of various sensory modalities
may converge for "associative" processing.

5. Diseases of the nervous system are caused by pathology of specific parts
of the nervous system and are related to detectable morphological changes in these
areas.

6. Visceral organs are working under the control of the autonomous nervous
system.

7. Visceral systems do not have their representations in the cerebral cortex.

Within the frame of this paradigm it was quite natural to consider sleep as
"the state for the brain", and there were no reasonable links between sleep and
visceral health.

However, there were studies which did not fit to the presented paradigm.
Here we will mention only some of them. First of all it is already a handbook
information that general level of neuronal activity in the cerebral cortex
demonstrated in electrophysiological studies was practically the same in
wakefulness, and during sleep. On the other hand it was recognized that brain
during sleep was isolated from exterosensory inputs. If activity of the cerebral
cortex was really connected with consciousness one will expect that during sleep,
when consciousness is disengaged cortical neuronal activity will be reduced.
Stability of the mean level of cortical activation during transition from wakefulness
to sleep first described in electrophysiological studies was later confirmed by
neuroimaging methods [2], and authors of this study also paid attention to this
obvious contradiction.

There were indications that anatomical organization of the thalamocortical
and intracortical connectivities do not fit to the picture of segregated primary
sensory and associative cortical areas [3, 4]. The concept of serial streams of
cortical areas also looked rather weak given low robustness of any serial
connectivity.

History of the computational science indicated that development of
processors specialized for a single function is not an efficient way, and all modern
computers are based on the universal processors.

Taking all that into the account we decided not to restrict ourselves by the
frame of the above mentioned paradigm in the attempts to understand the function
of sleep. The first target for revision was status of the cortical sensory areas. We
made very simple proposal that cortical areas actually are universal processors. We
hypothesized that the same cortical neurons which process exterosensory
information in the cortical areas in wakefulness switch to the processing of visceral
information during sleep [5]. In according to this proposal namely visceral inputs
determine high level of activation in the cerebral cortex during sleep. Periodic
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pattern of visceral afferent flow coming from gastro-intestinal, cardiovascular and
respiratory systems may define periodic burst-pause neuronal activity and slow
waves in cortical EEG.

Experiments, which were undertaken in order to check the abovementioned
proposal were presented in lectures within the frames of our previous schools and
their results are mainly published. These experiments can be grouped in three
blocks. First of all it was demonstrated that indeed neurons and cortical evoked
responses in visual and somatosensory cortical areas of cats and monkeys, which in
wakefulness reacted to corresponding sensory modality began to respond to
electrical or magnetic stimulation of stomach and intestine during sleep. In all
cases these visceral responses disappeared immediately after awakening of the
animal[6, 7, 8, 9].

In the second block of studies we excluded electrical or magnetic
stimulation. Instead of that natural myoelectrical activity of stomach and
duodenum was recorded together with neuronal activity in various visual cortical
areas. It was shown that during slow wave sleep cortical neurons and duodenum
established causally defined correlation of activity, and cortical neurons appeared
to be selective for particular types of duodenal cycles [10]. Periods of short
desichronizations of the EEG well known during slow wave sleep often
correspondedin time with migrating myoelectrical complexes of stomach [5].

In the third block of experiments we have demonstrated tonic and long
lasting changes of statistical parameters and Fano phactor characterizing neuronal
background activity in the cerebral cortex after changes of the content of the
gastric cavity during stable slow wave sleep. The influence on stomach
interoreceptors was achieved by injection of small amount of warm water into the
stomach through the chronically implanted fistula.

Visceral responses during sleep were obtained not only to particular events
in gastro-intestinal system, which was the main target during the first period of our
studies but also to heart activity and respiration. Investigation of connections
between cardio-vascular and respiratory systems and cerebral cortex and
hippocampus in sleep-wake cycle now are in progress.

Thus all our experiments confirmed the proposal that indeed cerebral cortex
switches to the processing of visceral information during sleep.

One may ask how information from various visceral systems may reach
those cortical areas which in wakefulness are involved exclusively in processing of
exterosensory or somatosensory information. For somatosensory cortical areas this
question is much better investigated. In the middle of twentieth century evoked
responses to stimulation of vagus or splanchnic nerves were demonstrated in
various cortical areas in acute experiments under the anaesthesia [11 - 16].
However, later in chronicle experiments without anaesthesia these responses could
not be reproduced [17]. In wakefulness neurons in these areas responded only to
somatosensory and visual stimulation.

Previously observed responses to stimulation of these nerves were considered as
artefacts of anaesthesia. Now we have demonstrated that such responses could be
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obtained without anaesthesia but during sleep. However, vagus and splanchnic are
relatively small nerves and could not provide sufficient flow of the visceral
information for all cerebral cortex. It was necessary to think about other more
powerful pathways.

It was well known since early anatomical studies of 19™ century [18] that
visceral and somatosensory afferents terminate at the same neurons in spinal cord,
and thus visceral information may travel to the cerebral cortex using the fibres of
somatosensory columns. The fact of such combined projections was confirmed
also in many recent studies, i.e.[19 - 21], and this overlap was regarded as the most
probable mechanism of referred pains [22 - 24]. However, this overlap created the
unresolved problem — how the central nervous system manages to distinguish
which information is coming if this information was transferred by the same
neuronal fibres. Our hypothesis offers the very likely solution of this problem —
transmission of the somatosensory information happens during period of
wakefulness, while visceral information travel to the central nervous system using
the same fibres but during sleep when muscles are relaxed, and movements are
excluded.

To check this proposal we have investigated propagation of signals by
columns of the spinal cord in sleep wake cycle. These experiments were done in
rabbits. In order to classify the states of vigilance electrodes for chronicle
recordings of the EEG, EMG and EOG were implanted. In addition recording
electrode was implanted in the bone of the lumbar vertebra, above the axonal
pathways. This electrode simultaneously recorded slow electrical waves (local
EEG of spinal cord) and multifibre neurogram. In the figure 1 we show this
multifibre neurogram (channel 3) recorded in one such experiment together with
cortical EEG (channel 1) and EMG from the neck muscles (channel 3), at the time
of transition from wakefulness to slow wave sleep. The record starts from the state
of wakefulness. During this state rabbit moved and spike activity in spinal cord
was very high. After a while rabbit began to move less and finally stopped but still
was awake. In this state spike activity in spinal cord first diminished and finally
disappeared completely, what reflected the lack of rear paw motion. However, with
first slow waves in cortical EEG spike activity in spinal cord again appeared, and
its level grew in parallel with sleep development.
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Fig. 1.Transition from wakefulness to slow wave sleep (190 s).1 - cortical EEG; 2 - EMG of the neck
muscles; 3 - multifibre activity of the spinal cord.

With transition from slow wave sleep to REM sleep, patter of spike activity in spinal cord changed
(Fig. 2). Now activity became bursty, but still was very high in spite of the total muscle atonia which

take place in this state of animal.
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Fig.2. Transition from slow wave sleep to REM sleep (60 s), and to wakefulness (130 s). 1 - EOG; 2 -
cortical EEG; 3 - EMG of neck muscles; 4 - multifibre activity of neck muscles.

This experiment demonstrated that during sleep activity in spinal cord fibres
continue in spite of the lack of motion. Which signals are going along these fibres
during sleep? This experiment did not give the direct answer on this question but it
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is very likely that spikes in spinal cord, which were recorded during sleep,
reflected informational exchange between the brain and visceral organs.

Pathways of the visceral information to the visual cortical areas to our
knowledge never were specially investigated. Here we can offer only some
considerations. It is known that in the main thalamic visual relay — lateral
geniculate nucleus, retinal synaptic terminals form only one third. Another one
third of terminals belong to backward cortico-thalamic projections. And another
one third is of non-visual origin, and come from the pontine and brain stem regions
[25]. Activation from these pontine nuclei reaches lateral geniculate nucleus and
cortical visual areas during sleep, especially during REM sleep, and is responsible
for the well known ponto-geniculo-occipital waves [26]. There were no studies of
the origin of this pontine activity. However, location of those nuclei let propose
their visceral origin. Other brain stem projections to the lateral geniculate nucleus
also can be engaged into the transfer of the visceral information.

In discussion of cortical visceral activation during sleep one often argues
that these visceral responses can be of nonspecific origin resembling sensory
triggered K-complexes. This question was investigated in details in our recent
study [27] where it was shown that visually induced K-complexes had absolutely
specific origin. Even more, K-complexes could be induced by sensory stimuli only
during short interval of developing sleep while cortical visceral responses were
recorded during periods of deep slow wave sleep when K-complexes could not be
induced by any sensory stimulation. In addition, in this study the arguments were
offered that sensory induced K-complexes in reality reflected the excitation
coming from visceral systems.

Observed transition of the cerebral cortex to processing of the visceral
signals during sleep is an additional strong argument in favor of revision of the
current brain paradigm. But sleep studies are not alone on this way. Many other
experimental results in various fields of neuroscience and clinical observations also
indicate that existed paradigm needs revision [14 ]. Below we offer the features of
the emerging new brain paradigm.

The emerging features of the new brain paradigm

1. The heterarchical processing of information is dominated in brain
organization.

2. Cognitive functions and consciousness are connected with activity of the
supracortical levels of information processing located in subcortical structures.

3. All cortical areas are the structures of the same level of complexity, and
are working in parallel.

4. The term ‘“associative cortical areas” was established as a result of
historical wrong belief and nonsufficient spatial resolution of the first
electrophysiological methods.

5. Diseases of the nervous system may be caused by changes in efficiency of
informational exchange (connections) between quite healthy parts of the central
nervous system.
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6. Visceral organs are indeed under the control of the autonomous nervous
systembut only during wakefulness.

7. All areas of the cerebral cortex and other brain structures (like
hippocampus, amygdala and others) are involved in the visceral control during
sleep.

Creator of the science paradigm ideology Thomas Kuhn [1] made very sad
but reasonable conclusion. He wrote that any new scientific paradigms become
properly understood and accepted only by the new generation of scientists. That is
why the school for young scientists is the optimal place to offer the features of the
future emerging brain paradigm.
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INSOMNIA AND HYPERAROUSAL - STATE OF THE SCIENCE

Dieter Riemann, PhD
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Insomnia is one of the most frequent sleep disorders being more prevalent in
women than in men and its prevalence increases with age. Insomnia is
characterized by difficulties falling asleep, maintaining sleep, non-restorative sleep
and associated daytime consequences like decreases in attention and concentration,
heightened irritability and negative mood swings. It has also been shown, that
chronic insomnia is coupled with an increased risk for depressive disorders in the
long run. From a diagnostic point of view Primary Insomnia (PI) has to be
differentiated from other types of insomnia related to other mental/somatic
disorders or substance use/ withdrawal. In DSM-V “Insomnia Disorder” will be
introduced as a new general concept of insomnia. With respect to the diagnostic
process, apart from clinical anamnesis, sleep questionnaires and sleep diaries play
an important role to encompass all relevant symptoms. Current etiological models
of Primary Insomnia highlight the role of cognitive, emotional and physiological
hyperarousal for the development and maintenance of the disorder. The so-called
3P model posits that there are important premorbid, precipitating and perpetuating
factors of high relevance for the etiology and maintenance of the disorder. This
presentation aims at reviewing the evidence for hyperarousal in insomnia with an
emphasis on neurobiological studies. Indicators of physiological hyperarousal
include  EEG-derived  polysomnographic  variables, autonomous and
neuroendocrine variables as well as outcome parameters of neuroimaging studies.
So far, there is evidence that patients with insomnia show signs of increased
autonomous and central nervous system arousal, as demonstrated by increased
heart rate during sleep, increased amounts of fast frequencies in the sleep EEG,
increased no. of microarousals (especially during REM sleep) and a lesser
deactivation of several brain areas during insomniac sleep compared to good sleep.
However, we have yet to learn: 1) whether physiological hyperarousal is a cause or
consequence of insomnia; 2) what is the genetic basis of hyperarousal and what is
the impact of early-life stressors and other life events; and 3) what is the
neurobiological basis of hyperarousal and how can it be modified in the most
efficient manner without causing severe adverse effects. This issue applies directly
to therapeutic avenues towards insomnia — at present, pharmacologically the
benzodazepine receptor agonists are still dominating treatment, though their
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application is coupled with adverse events like development of tolerance and
abuse.

Alternatively, cognitive-behavioral treatment for insomnia (CBT-I) has been
demonstrated to be as effective without many critical side-effects and more
sustainable effects in the long run.
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PREDICTING THE MOMENTS OF CRITICAL VIGILANCE DECLINE
BY VISUOMOTOR COORDINATION PARAMETERS

Arsenyev G.N., Tkachenko O.N.,
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and Neurophysiology of RAS, Moscow, Russia
e-mail: byronl00z@gmail.com

A psychomotor test for visuo-motor coordination analysis has been
developed. In 20-40 minutes the test can induce the state of monotony
accompanied by decreasing vigilance and subsequent microsleep. The subject had
to follow a small cycle slowly moving in circular orbit on a screen with a mouse
cursor. When an additional target unexpectedly appeared, he had to catch it with a
cursor and click a mouse button when the cursor was on it. Eye movements were
recorded with an eye-tracker (Eyegaze Development System, LC Technologies,
USA). The experts marked the episodes of declined vigilance based on EEG and
video of a subject. These episodes and 4-minute periods before them were
analyzed.

Analysis of temporal parameters of visuo-motor coordination demonstrated
their high sensitivity to the operator's performance decrement caused by vigilance
decline. We have found the increase of variability in pursuit eye movements and
mouse cursor movements during the episodes of lowered vigilance before the
appearance of the additional target and also a growing latency of saccadic eye
movements, cursor movements and mouse button presses when the cursor
contacted the additional target. Significant positive correlation for variability in
pursuit eye movements and latency of a mouse button press was found as well as
the correlation between mouse cursor deviation and saccades latency.
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INPOrHO3NPOBAHUE CHUKEHWSI YPOBHS BOAPCTBOBAHMUA 110
ITAPAMETPAM 3PUTEJBHO-MOTOPHOU KOOPINHALINHU

Apcenves I'.H., Tkauenxo O.H., /[opoxoe B.b.
Hucmumym evicuieil HepeHOIL 0eameibHOCHU U
neiipogusuonozuu PAH, Mockea, Poccus
e-mail: byronl00z@gmail.com

Pa3paboTan NCHUXOMOTOpHBIM TeCcT Il aHaIW3a 3PUTEIHLHO-MOTOPHOMN
KOOpJWHAIMU, TOo3BoIsAomuid B TedeHue 20-40 MUHYT BbI3bIBATH COCTOSIHUE
MOHOTOHHUH, COIPOBOXKIAIOLIEECS CHM)KEHHUEM YpOBHS  OOJpPCTBOBAaHHS C
NOCJIEAYIOUIMM MHUKPOCHOM. VcHpITyeMblii IpoCiaexXuBag KypcOpOM MBIIIN
KpPY>KOK, MEJIJIECHHO BpAIIAlOLINIIC HAa SKpaHEe MOHUTOpA [0 KPyroBoW opOure, u
MPU HEOKUJIAHHOM TOSIBJICHUU JOMOJHUTEIbHONU JBUKYIIEHCS LEeNU JOJIKEH ObLI
JOTHATh €€ KypcOpoM “MbIIIM~ W NIPU KACAHUU - HAXKATH KIABUIILY ‘MBILIN .
JIBwxkeHus: rna3 peructpupoBaiuch BugeoTpexepom (Eyegaze Development
System, LC Technologies, USA). AHnanu3upoBaiucCh 3MU301bl, KOTOPHIE IO
nokazaressimM D3I 1 Buaeon3o0pakeHUIO UCTIBITYEMOT0 OLEHUBAIIUCH AKCIIEPTaMU
KaK CHUXEHUE YpOBHSA OOAPCTBOBAaHMS, a Takke 4-X MUHYTHbIE YYaCTKH 3aIlUCH,
MPEALIECTBYIOIINE 3TUM SU30aM.

AHallU3 BPEMEHHBIX IIOKA3aTeNed 3pUTEIbHO-MOTOPHON KOOpJIWHALIMU
BBISIBUJI HX BBICOKYIO YYBCTBUTEIBHOCTh K CHIDKEHHIO pPabOTOCIIOCOOHOCTH
orepaTopa, BbI3bIBAEMOW CHW)KEHHEM ypoBHS OoapctBoBanus. [lokazano
yYBEIMYECHHE BapHaOEIbHOCTH MPOCIEKHUBAIOIIMX JBWXKEHUM IJa3 U Kypcopa
MBIIIA HAa Y4YacTKax CO CHI)KEHHEM YpPOBHS OOJpPCTBOBAHMS MEPE] IMOSBICHUEM
JOMOJHUTENBHOW  LEIM, a TakXKe YBEJIWYEHUE JIATEHTHBIX I[E€PUOJIOB
CaKKaJMYeCKUX JBIKCHUHN TJa3, IBWKECHHUS Kypcopa M HaKaTUsi Ha KJIABUIILY
«MBIIIM» TPU KOHTAKTE Kypcopa C JIONOJHUTEIbHOM uenblo. BeisiBieHa
JIOCTOBEpHAas MOJIOKUTENbHAS KOppeIsLus LISt BapuadeNbHOCTH
POCIEKUBAIOIINUX JBWKEHUN IJ1a3 U JIATEHTHBIM MEPUOJIOM Ha)KaTus KHOMKHU
«MBIIINY, a TakKe BapuaOeTbHOCTH OTKJIOHEHMSI Kypcopa MbIIIU U JIATEHTHBIM
NIEPUOJOM CAKKaJ.
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SLEEP, MELATONIN AND PERFORMANCE IN SHIFT-WORKERS
LIVING IN THE NORTHERN REGION OF RUSSIA

Bochkarev M. V.I, Ragozin 0.N.2, Simonov V.N.?

IConTerra LLC, St. Petersburg,

’Khanty-Mansiysk State Medical Academy, Khanty-Mansiysk, Russia
e-mail: mbochkarev@circadian.com

Shift work is an integral part of the aid station service. The aim of the study
was to investigate changes in the quality of sleep, melatonin level and psychomotor
performance in health care shift-workers during periods of extreme changes in
photoperiod in the Northern region.

Methods: The study was performed within 2 weeks before and after the
dates of the winter and summer solstice (the minimum length of daylight is 5h 33
min, max is 19h19min) in Khanty-Mansiysk (N61°C). We studied 136 shift-
workers working during the day 8h shifts, 24 hours (48 h rest) and 12h (36h rest)
shifts. Quality of sleep was assessed by the Questionnaire point scoring sleep
characteristics (A. Vein, Y. Levin, 1998). Daytime sleepiness assessed by the
Epworth Sleepiness Scale. Melatonin levels were assessed by 6-sulfatoxymelatonin
(a6MTs) in the morning urine samples before and after night shift. Psychomotor
performance was measured by the M.P. Moroz method "Express diagnostics of
performance and functional status of human".

Results and discussion: There were no significant differences in the quality
of sleep and sleepiness among workers 12h and 24h shifts. Detected seasonal
changes in the quality of sleep in the afternoon working were from 17.4 +2.0 in
Winter to 21.4 +3.6 (p = 0.05) in Summer. A-6MTs was higher in 24h in winter
and 12h shifts in summer and associated with the performance level.

Conclusion: The identified seasonal changes in the quality of sleep in daily
workers give dependence on photoperiod, while shift-workers are more influenced
by social factors. Seasonal changes in performance require approaches that
improve its regulation of lighting. Assessment of sleep quality and duration of
instrumental methods require evaluation of sleep (actigraphy) allowing objective
assessment of changes in the shift-workers’ sleep duration.
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COH, YPOBEHb MEJIATOHUHA U PABOTOCITIOCOBHOCTbD TP
CMEHHOH PABOTE B CEBEPHOM PETHOHE POCCHUH

boukapes MB.I, Pazo3un O.H.z, Cumonoe B.H.}
'000 «KonTeppa», Canxm-ITemepoyp:

’I'BOY BIIO «Xanmui-Mancuiickas
20Cy0apcmeeHHas MeOUWUHCKAA aKademusy,
Xanmuwi-Mancuiick, Poccusa

e-mail: mbochkarev@circadian.com

CMeHHast paboTa sBISIETCS HEOTheMJIEMON YacTbhio padoTel CTaHIUU
CKOpoll MemuuMHCKOM moMmonu. Llenbto wucciaegoBaHus ObLIO  M3y4YEHUE
W3MEHEHUM  KayecTBa CHa, YPOBHS  MeEJaTOHMHA U NICUXOMOTOPHOM
paboTOCIOCOOHOCTH Y MEIUUMHCKUX pAa0OTHUKOB B TMEPUOJbI  KpallHUX
u3MeHeHui gorornepuona B CeBepHOM pErruoHe.

Meroabl uccienoBanus: McciaenoBanus npoBOAUIN B T€UEHUE 2 HEACIND 10
M 1ociie AaT 3UMHEr0 M JIETHEro  COJIHIECTOSIHUA  (MUHHUMalbHas
MPOJOJDKUTEILHOCTh CBETOBOTO JAHA 5 4 33 MuH, MakcuMayibHasg 19 4 19 muH) B
r.Xantel-Mancuiicke (N61°c). OG6cnenoBano 136 MeOMIMHCKUX pabOTHHKOB,
paboTaromux JHEeM Mo 8 4 U CMEHHO 1o 24 4 (48 4 otapixa) u 12 4 (36 4 oTabixa).
KauectBo cHa omnenuBanu 1mo AHKeTe OambHOW OICHKM XapaKTePUCTHK cHa (A.
Beiin, 4. JleBun, 1998). JlHeBHYIO COHJIMBOCTD OIIEHMBAJIM IO IIKAJ€ COHJIMBOCTH
Onsopra. YpoBeHb MEJIATOHWHA OLICHUBAJIN o YPOBHIO 6-
cynbdarokcumenaronna (6-COMT) B yTpeHHEW MmOopuud MOYM 10 U TOCIEe
HOYHOM cMeHBI. [ICuXOMOTOpHYI0 PabOTOCHOCOOHOCTh M3MEPSIIN O METOIMKE
M.II. Mopo3 «Dxkcrpecc-IuarHocTuka padoToCIOCOOHOCTH U (PYHKIIMOHAIBHOTO
COCTOSIHUSI ~ YEJIOBEKay, B OCHOBE  KOTOpPOM  JieKaTr  IOKa3aTelH
XpoHopedIeKCOMETpHU .

Pesynbrathl M ux oOcyxkienue: He BBISIBICHO TOCTOBEPHBIX pa3IMuUl
KauecTBa CHAa M COHJIMBOCTU y pabotatouux 12 u 24 4. BoiaBieHbl ce30HHBIC
W3MEHEHMsI KadecTBa CHa y padortaromux jgHeMm ¢ 17,4+2,0 3umoini mo 21,4+3,6
(p=0.05) nerom. YpoBerr 6-COMT Obu1 Bhiie npu 24 9 cMeHe 3uMOM U 12 4
CMEHE JIETOM U aCCOLIUMPOBAJICS C YPOBHEM pabOTOCIIOCOOHOCTH.

BriBojibl: BhisiBJIEHHBIE CE30HHBIE U3MEHEHHUS KaueCTBa CHA y pabOoTarolux
JTHEM TOBOPAT O 3aBUCHMOCTH ITOW Tpymmbl OT (hoTomepuoja, B TO BpeMs Kak
paboTaroiue HOYbI OOJbIIE 3aBUCAT OT COLMAIBHBIX (akTopoB. Ce30HHBIC
U3MEHEHHS] paboTOCIIOCOOHOCTH TPEOYIOT MOAX0/I0B, MO3BOJIAIOMIMX MOBBICUTH €€
perynsiuei ocBemeHus. OlleHKa KayecTBa CHA M €ro MPOJOJDKUTEIBHOCTU
TpeOyeT MHCTPYMEHTAIBHBIX METOJOB OLICHKM CHA (aKTUTrpaduu), MO3BOJISIOIINX
00BEKTHUBHO OLIEHUTh U3MEHEHUS TPOJIOJKUTEILHOCTH CHA IPU CMEHHOM padoTe.
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EFFECT OF COFFEE ON PARAMETERS OF AUTONOMIC NERVOUS
SYSTEM IN ADULT WITH VARYING DEGREES OF DAYTIME
SLEEPINESS

Budkevich E.V., Budkevich R.O.
North-Caucasus Federal University, Russia
e-mail: budkevich.evi@wgmail.com

Caffeine induces modifications of activity of the autonomic nervous system
(ANS) in the direction of the parasympathetic brunch. At the same time, coffee is
used to increase alertness in conditions of increased daily sleepiness. The aim of
the study was to examine the effect of coffee on the characteristics of ANS
reactivity in persons with varying degrees of daytime sleepiness.

The study involved Indian students (male; aged 20-25 years, undifferentiated
chronotype); they were divided into 2 groups: control and experimental, with low
and high daily sleepiness according to Epworth sleepiness scale consequently.
Studying of the ANS activity was carried out in daylight hours. Heart rhythm
(HR), variational span (AX), mode (Mo), and its amplitude (AMo), tension index
(TT) were estimated within 5 minutes in initiated condition and 5 minutes after the
drinking of the caffeinated instant coffee (CIC). For statistical analysis it was used
nonparametric methods of ANOVA.

In the control group all initial parameters were within normal range.
Drinking of CIC revealed a reliable increase of AX and Mo (p < 0,04). At the
initial stage subjects with high degree of daytime sleepiness did not differ in all
parameters of the control group (p > 0.05). However, the functional loading did not
reveal significant changes either in one of studied parameters.

Thus, students with a low degree of daytime sleepiness observed a
prospecting increase activity of the parasympathetic autonomic nervous response
on the caffeine contained in CIC. In parallel, in the group with a high degree of
daytime sleepiness parameters ANS were not significantly changed, indicating an
insufficiency of autonomic nervous system regulatory capacity in patients with
increased daytime sleepiness.
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BJIUAHUE KO®E HA ITIOKA3SATEJIN pEFETATHBHOfI HEPBHOM
CUCTEMBI Y JI1I C PA3JIMYHOU CTEIIEHBIO THEBHOU
COHJIMBOCTH

byokesuu E.B., Byokeeuu P.O.
Cegepo-Kaexa3zckuii pedepanvhuiii ynusepcumem, Poccus
Email: budkevich.evi@gmail.com

Kodeun cnocobeH BbI3bIBATH HW3MEHEHHUE AKTUBHOCTH BETETATUBHOMN
HepBHOU cucrembl (BHC), B yacTHOCTM, aKTMBHUpPOBAaTh MapacUMIIaTHYECKUN
ornen. B To ke BpeMs Kode YacCTO HUCIOJIB3YEeTCS IS TOBBIINICHUS YPOBHS
00JIpCTBOBaHUSI B YCJIOBUSIX IMOBBIIIEHHON THEBHON COHIMBOCTU. Llenbio Haliero
UCCIIeIOBaHMs ObUIO M3ydyeHHe BiusiHUS Kode Ha peaktuBHOCTh BHC y num ¢
Pa3IMYHOM CTENEHBIO THEBHOW COHJIMBOCTH.

HccnenoBanue NpoBeACHO CPelid CTYJEHTOB-UHIYCOB MY>KCKoro mosa (20-
25 ner, Hemud@pepeHIIUPOBAHHBIM XPOHOTHUIN) C HHU3KOM M BBICOKOW JTHEBHOM
COHJIUBOCTBIO (KOHTPOJIbHAS M JKCIIEPUMEHTAJbHAsl TPYIIbI, COOTBETCTBEHHO).
HccnenoBanre mnpoBoawsiock B nHeBHble yackl (14 - 17 u4). Ilokasarenu
BapuabenbHocTH cepaeunoro putMma (UCC, AX, Mo, AMo, uHaeKkc HanpsKeHUs )
U3y4JaJIUCh B TEUCHUE 5 MUHYT JIO M TIOCIIC MpUeMa MOPLIUUA PaCTBOPUMOTO Kode ¢
kopennom (K). Craructuueckyro o00pabOTKy MNpPOBOAWINM C MPUMEHEHHUEM
HEIMapaMeTPUUECKUX METOOB.

B koHTpoNBbHOU Tpymme MCXOMHBIE TOKa3aTean ObUIH B Tpeaesiax HOPMBI.
Ynorpebnenne K npuBeno k cratuctuuecku 3Haummomy pocty AX m Mo (p<
0,04).Y oGcnemyeMbIX ¢ BHICOKOH CTETICHBIO THEBHOW COHJIMBOCTU TIOKA3aTEIH 10
ynotpebsenust K He oTiMyanuch 0T KOHTPOJIbHOU TPYIIIbI, OJHAKO MOCIIE TpueMa
K usmenenus aktuBHoctu BHC BbIsiBIIeHO He ObLIO.

Takum 00pa3oM, y CTYJIEHTOB C HHM3KOW CTENEHbIO JHEBHOW COHJIMBOCTH
OOHApY’>KEHO 3aKOHOMEpPHOE TOBBIIIEHWE AaKTUBHOCTH MapacUMIIATHYECKOTO
ornena BHC B otBeT Ha ynorpebiienue kodeuna, coaepxaiierocs B K. B to xe
BpeMsi B DIKCIIEPUMEHTAIbHOM IpyIie mnociie ynorpedsenus K He oOHapykeHO
n3MmeHeHus: aktTuBHOCcTH BHC, 4To MOKET CBUIETENbCTBOBATh O HEAOCTATOUYHOCTH
amanTuBHBIX Bo3MokHOCTe BHC y suip ¢ BBICOKOM CTENEHBIO JIHEBHOU
COHJIMBOCTH.
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ACCIDENT PRONENESS AND KEY PROFESSIONAL
PSYCHOLOGICAL QUALITIES IN BUS DRIVERS

Dementienko V. V.I, Gerus S. V.I, KremezA.S. I,
Lemeshko C.A.Z, T aranovA.O.Z,Dorokhov V.B.?
'JSC “Neurocom”

’Institute for Higher Nervous Activity

and Neurophysiology of RAS, Moscow, Russia

It is estimated that in 60 to 90% of all system failures, human actions are the
main cause. Errors in work activities are considered to be a result of inadequate
training, poor working conditions, and organizational factors. According to this
multifaceted interrelation there are different approaches to obtain transport safety
and accidents prevention. Several studies have shown importance of key
professional psychological qualities for human-machine systems reliability in
general and for traffic safety inparticularly.

The aim of this research is to establish the technique for prediction of
accident proneness/safety based on psychophysiologic tests among bus drivers.
New method for objective estimation of driver safety is suggested. Accident
proneness/ safety index (APSI) is estimated personally for each driver according to
working time and number of accidents in which driver is found guilty (according to
police report). Data for 456 bus drivers during over 12 years were analyzed.

Two groups of drivers —“more accident prone” and “less accident prone” -
were identified. Accidents intensity between these groups increases tenfold. “More
accident prone” drivers are only 26%, but they accomplish 66% of crashes.
According to these data occupational selection of such accident prone drivers can
prevent majority of accidents.

We compared APSI with results of psychophysiological tests of 276 (of 456)
drivers, examined by 5 scales of UPDS - Universal Psychodiagnostic System -
created and patented by JSC “Neurocom”. We revealed the most correlating tests
with APSI, though correlation coefficient is quite low. In our opinion such low
level of correlation is due to nonmatering of operator’s vigilance level. At the
present time we have begun analysis of genetical material for determination of
possible biological bases of APSI.

Supported by RFH grants 12-36-01390, 12-06-00927
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ABAPUMHOCTD BOJUTEJIEN ABTOBYCOB U X
IMPOPECCHUOHAJIBHO BAKHBIE KAYECTBA

Jemenmuenxo B.B.", ['epyc C.B.", Kpemes A.C.",
Jdemewxo K.A.°, Tapanoe A.0.°, lopoxoe B.B.
340 «Heiipoxkom»,

UBH/T u H® PAH, Mockea

Paznmuunble  1mOAXOABI K HMCCIENOBAaHMID  aBAPUMHOCTH  BOJUTENIECH
paccMaTpUBaIOT B KAYECTBE KOPPEISATOB aBAPUMHOCTH T10J1, BO3PACT, CTaK padOThI,
JMYHOCTHBIE XAPAKTEPUCTUKH, COMYTCTBYIOLIYIO BHUCLEPAJIbHYIO MATOJIOTHIO U
CHMWKEHUE YypOBHS OOJPCTBOBaHUS BOJUTENEH. 3HAYUTEIbHOE BHUMAaHUE
YAEISIETCS TaKXe UCCIIEJOBAHUIO npodeccruoHaIbHO 3HAYMMBIX
NCUXO(PU3MNONIOTMYECKUX ~ KAauyecTB,  CYHIECTBEHHBIX I OINEpaTOpPCKOU
NEATEIIbHOCTH.

[lenpto Hamero wuccienoBaHus ObUT  MOUCK  KOPPETSTOB — MEXKIY
aBAPUNHOCTHIO BOJIUTEJIEN aBTOOYCOB u pe3yapTaTamMu 170.
ncuxo(u3nonornaeckoro oodcienoBanusa. Hamu mpoaHann3upoBaHbl JaHHBIE Ha
456 mpodeccCHOHABHBIX BOJUTENEH aBTOOYCOB U PE3yJIbTaThl UX MPAKTUYECKOTO
BOXJIeHUS. [IpeisioxkeH OpUrHHAIIBHBIN METOJI OCHKHA aBapUWHOCTH BOAUTEIICH C
y4eToM BpeMeHU paboTsl Boautess u konndectsa A TII, B coBepiieHnn KOTOpOro
OH MPU3HAH BUHOBHBIM. [10 pe3ynpraTaM OLICHKU BbIJICIICHBI ITPYIIIbI C MEHBIIEH U
00JIbIIeH aBapUHHOCTBIO, IPU 3TOM MHTEHCUBHOCTH coBepiuenus TII B rpynmax
omnmuaercs B 10 pa3. B rpynne Gonbiieit apapuitHoctu Bcero 26% BoauTenen, HO
10 UX BUHE coBepiiaercs 66% Bcex aBapuil. CiieoBaTeNbHO, MPOPECCUOHATBHBIN
0oTOOp TaKUX BOJUTENEH MOT Obl IPen0TBpaTUTh He MeHee 50% aBapuid.

Kaxnomy BoauTento [aHa NepcoHalbHAs OLEHKa B BHUAE HWHJEKCa
aBapuitHocTu/0e3omacHoctd. Hamu  Takke ObUIO TMPOBEACHO CpaBHEHUE
pe3yabTaToB TMCUX0(PU3HOIOTHYECKOro obcnenoBanusi 276 u3z 456 BoauTeneil.
Oo6cnenoBanue IIPOBOAWIOCH c IIOMOILIBIO YHUBEPCAIBHOTO
[Ncuxomuarnoctuueckoro  Kommekca — VIIIAK-MK,  paspaboranHoro u
3anmareHtoBanHoro 3AO0 «Heiipokom». Hamu BbISBICHBI METOIWKH, HauOoliee
KOppEeNIHUpyIolue ¢ WHACKCOM aBapUilHOCTH, XOTs aOCOJNIIOTHBIE 3HAYEHUS
kodhunmenta xkoppensiiuu HeBbicoku (0,13-0,15). Mb1 nonaraem, 9To OJHOUN U3
OPUYUH NOJOOHOrO pe3yJjibTaTa SBJISETCS OTCYTCTBHE YYETa BO3MOYKHOIO
(YyHKUIHMOHAIBHOTO COCTOSIHMSI ONEpaTopa, a TaKKe OTCYTCTBHUE OLICHKH YPOBHS
00pCTBOBaHUS MPU TECTUPOBaHUM UM B MOMeHT coBepiueHus JTII. Hamu Ttaxxe
BEJETCS MOUCK MOTEHUHUATbHBIX OHMOJIOrMYECKMX MapKEepOB, BHOCSIIMX BKJIaJ B
BAapUATUBHOCTh KOTHUTUBHBIX U (PU3MOJIOTMYECKUX TOKa3aTesel, a Takke HHAeKCa
aBapUUHOCTH/OE30MaCHOCTH.

Moanepxano rpantamu PTH® 12-36-01390, 12-06-00927
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APPROXIMATION OF HUMAN NIGHT SLEEP STRUCTURE BY ONE-
PARAMETER MODEL PARETO PRINCIPLE

Grachev G.A.", Verbitsky E.V.%, Sysoeva Yu.Yu.’

"Research Institute of Physics of Southern Federal University
’Institute of Aride Zones of Southern Scientific Center RAS,
Rostov-on-Don, Russia

e-mail: gga48@bk.ru

The generalization results of polysomnogram of person without health
problems were done. The average statistical data of sleep structure for men and
women different age groups were systematized. It was substantiated that one-
parameter model Pareto principle is an adequate method for definition of human
night sleep and its efficiency.

The advantage of this model is that it allows describing basic principals rank
system allocation. According to model the structure of human night sleep is a
comprehensive whole. This model reproduces grown duration of some stages of
sleep and decreases other stages, so it shows homeostatic regulation of
neurochemical processes of brain in nighttime. The data about features age-related
changes in night sleep structure of men and women were used for verification
model of Pareto principal. It is well known that the 2™ stage duration increases and
delta-sleep reduce with age in men and women. The duration shallow and deep
sleep little altered with age in women. Model Pareto principal described sleep
efficiently and age-related features in men and women.

Thereby, model Pareto principal allows describing night sleep structure in
men and women without health problem at the different age groups. This model is
an adequate for differentiation of gender differences. So far as age, sex, individual
features of person, level of personal anxiety influence on night sleep, the model
Pareto principal might help to find way to correct sleep efficient.
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AIITPOKCUMAIIUA CTPYKTYPbBI HOYHOI'O CHA YEJIOBEKA
OJHOIIAPAMETPUYECKOM MOJEJIbIO IPUHIIUIIA ITIAPETO

I'paues r.A’, Bepouykuii E.B.%, Coicoesa 10.10.°

"HUH Ppusuxu ODY,

’Hucmumym apuonsix 3on FOsucnozo nayunozo yenmpa PAH,
Pocmoe na /[ony, Poccus

e-mail: ggad8wbk.ru

Brimosaeno 00o001IeHne pe3yJIbTaToB MHOT'OYUCIIEHHBIX
NOJUCOMHOTpaduYecKux oOcCIenoBaHUN y 7l 0e3 HapymIeHUN 3I0pOBBAL.
CucremaTn3upoBaHbl  CPEIHECTATUCTUYECKHE IIOKA3aTe€Id  CTPYKTYpbl CHa
OTACJIBHO JUIA MYyXYMH M JKCHIIMH pa3HbIX BO3PACTHBIX Kareropuiu. Jlus
aJIeKBaTHOTO OINMCAHMS CTPYKTYpbl HOYHOTO CHa YeJoBeKa O0O0OOCHOBAHO
VCIIOJIB30BAHUE OJHONapaMeTpu4ecKo Monenu npuHuuna Ilapero. Beimonxena
Bepu(UKausl YKa3aHHOM MOJIEJIM Ha MOJIMCOMHOTpadHUuecKUX AaHHBIX, a TaKXKe
Ha OCHOBE YKa3aHHOM Mojenu  pa3zpaboTaHa  HMHTErpajbHas  OLEHKA
3¢ (EeKTHUBHOCTH HOYHOI'O CHA YE€JIOBEKa.

be3ycinoBHBIM JOCTOMHCTBOM Mojenu npuHuumna Ilapero sBisgercs To, 4To
OHA II03BOJIACT AaIlpUOPHU OIMUCATh OCHOBHBIC 3aKOHOMEPHOCTH PAHIOBBIX
pacnpeneneHuid cucreM. IIpUMEHUTENBHO K CTPYKTYype HOYHOIO CHA Y€JOBEKa,
KaK  LEJIOCTHOM CHCTEMBl W3  B3aMMOCBA3AHHBIX  DJIEMEHTOB, MOJEIb
BOCIIPOM3BOJMT YBEJIMYECHHE NPOJOJDKUTEIBHOCT OJHHUX CTaguld CHA IIpU
COKpAILlCHUU JPYruxX, OTpa)kasg TCHICHIUU I'OMEOCTAaTUYECKOI'O PETYJIUpPOBAHUSA
HEUPOXMMHUYECKUX MPOLIECCOB TOJIOBHOTO MO3ra B TedeHue Houu. Jlus
BepupHUKaMU MoAenu mnpuHiuna [lapeTo UCHOIB30BaNMCh  Pe3yJbTaThl,
ONMCBHIBAIOIIME XapaKTep BO3PACTHBIX M3MEHEHHUU B CTPYKTYpE€ HOYHOIO CHa y
MY>XKUMH M y *eHIMH. Kak HM3BECTHO, JUIMTENbHOCTh 2-H CTaguu HEriayOOKOro
MEJUIECHHOTO CHA Y MYXYHUH C BO3PaCTOM YBEIMYMUBACTCS, a IPOAOJDKUTEIILHOCTD
CTaZuu IIyOOKOro MEJIEHHOTO CHA -yMEHbIIAETCS. Y JKEHIIMH 3TH IPOLECCHI
IPOTEKAIOT HECKOJBKO MHA4ye, B YACTHOCTU MPOJOJIKUTEIBHOCTh HErNTyOOKOIo U
r1yOOKOro CHa C BO3pacTOM H3MEHSIIOTCS MeEHee 3HauuTenbHo. (O0oO0iieHue
YKa3aHHBIX 3aKOHOMEPHOCTEN I Pa3JIMYHBIX BO3PACTHBIX IHUANA30HOB MOJEIBIO
NO3BOJIWJIO MO KOIPQPUIUEHTY €€ CTPYKTYpPHOM YCTOHYMBOCTHM HE TOJBKO
XapakTepu3oBaTh 3PPEKTUBHOCT HOYHOI'O CHA, HO U CYAMTb O €€ BO3PACTHBIX
OCOOEHHOCTSIX Y MY>KUUH U Y KEHIIUH.

Takum o0Opa3oMm, KOHCTaTHUpyeTcs, 4YTO MoJenb npuHnuna Ilapero
II03BOJISICT OMUCHIBATH CTPYKTYPY HOUYHOI'O CHA Y JIUIl MY>KCKOT'O U KEHCKOI'0 110J1a
pa3HbIX  BO3pAacTHBIX TIpynn  0e€3  HapylleHHd  370pOBbs,  aJEKBaTHO
muddepeHunpyss UMeEronIecs: reHjepHble pa3nuund. [10CKOJIbKY CyIeCTBEHHOE
BJIMSIHAE HA COH OKa3bIBalOT HE TOJIBKO BO3PAacT W II0J, HO U MUHAUBUAYAIBHO-
IPYIIOBbIE OCOOEHHOCTH JIMYHOCTH, CBSI3aHHBIE, HAlpUMEp, C XapaKTEpPOM
TPEBOXKHOI'O pEarupoBaHUsl, UX U3yUYECHUE IIPOJOJDKEHO C UCIIOJIb30BAHUEM MOJCIIH
npuHuuna Ilapero 1ist KOppeKTUPOBaHUST UHTErPaIbHONW OLIEHKH 3()hPEKTUBHOCTH
HOYHOI'O CHA.
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EFFECT OF A NOVEL INDUCTOR OF CHAPERONES U-133 ON SLEEP
IN RATS

Guzeev M. A., Simonova V.V., Polonik S.G.,
Ekimova L.V., Pastukhov Yu.F.

Sechenov Institute of Evolutionary Physiology
and Biochemistry RAS, St Petersburg, Russia

e-mail: miguz85@mail.ru

The laboratory study has revealed that an increase in brain content of
inducible Hsp70i (Heath Shock Protein 70 kDa) causes an increase in slow-wave
sleep (SWS) natural for this species. It was shown that in 6 weeks transfection of
lentiviral construction bearing gen of short hairpin RNA-Hdj1 into the “center” of
SWS in the preoptic area (PA) of hypothalamus results in a decrease in PA content
of co-chaperone Hdj1, capable to control functions of Hsp70i, and an increase in
SWS; this indicates that Hdj1 is a modulator of wakefulness in contrast to Hsp70i
modulating SWS. In the present study, we used a novel inductor of chaperones U-
133 inducing in cell cultures not only an expression of Hsp70, but also an
expression of its co-chaperones Hdjl. Our goal is to find out which effects
predominate in the combined action of Hsp70i and Hdj1.

The inductor or its vehicle (DMSO) was intraperitoneally injected in rats.
Recording of electroencephalogram, electromyogram, -electrooculogram and
temperature of body “core” was carried out under free environment conditions for
48 hours by the device DSI (USA) with telemetric module 4ET, implanted several
weeks before the experiment. To score data we used programs developed at the
laboratory. Content of Hsp70 was assessed in the PA and brain cortex by western
blot assay in 6 and 16 hours after the injection.

Two types of effects were revealed: 1) an increase in wakefulness and a
decrease in SWS and PS (paradoxical sleep) at the 1-t stage (9-12 h) and their
increase at the 2-d stage (for 12-15 h); 2) less marked increase in SWS and PS only
at the 2-d stage. Two alternative hypotheses may be offered: 1) an increase in SWS
and PS at the 2-d stage may be due to an increase in content of Hsp70i and/or a
decrease in Hdj1; 2) an increase in wakefulness at the 1-t stage may be linked to an
increase in content of Hdj1.

Supported by RAS Presidium program Ne7
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BJAUAHUE HOBOI'O HHAYKTOPA IHNAIIEPOHOB U-133 HA COH
KPbIC

I'yzeee M.A., Cumonoea B.B., Ilononux C.I.,

Exumosa U.B., Ilacmyxoe IO. .

Hucmumym 36o0n10uyuonnoit pusuonozuu

u ouoxumuu um. U.M. Ceuenosa PAH, C-Ilemepoype, Poccus

e-mail: miguz85@mail.ru

B naboparopum yCTaHOBJIEHO, 4YTO TOBBIINICHHWE COJEPKAaHUS B MO3Te
unayuuoensHoro Hsp701 (Heath Shock Protein 70 kDa) BbI3bIBaeT yBenuueHue
«eCTECTBEHHOTO» It JaHHOTO Buaa MmeiienHoro cHa (MC). Tlokazano, uTo uepe3
6 Henenb nocine TpaHchekuuu B «ieHTp» MC B npeontuyeckoit obnactu (I10)
TUIIOTAJIaMyca JICHTUBUPYCHOM KOHCTPYKLMM, HECYIIEH I'€H MaJoW IIIWICYHON
PHK-Hdj1, npoucxomut ymenbmienue B I1O coxmepkanms ko-marnepona Hdjl,
criocoOHoro ynpapinath Qyukiusmu Hsp701, u ysenuuenue MC; 3To yka3bIBaeT Ha
to, uro Hdjl sBusercs monmynstopom OoapcTBoBaHus B oTiuume oT Hsp70i,
moayiupytomero MC [IlactyxoB u np., 2012]. B Hacrosmeit pabore Hamu
UCIIOJIb30BaH HOBbIM MHAYKTOp ManepoHoB U-133, BbI3bIBalONIMN B KIETOYHBIX
KyJbTypax skcrnpeccuro He Toibko Hsp70i, Ho u ero xo-manepona Hdjl. Hama
3aja4a — BBUICHUTH, Kakue 3((eKTsl mpeoOiagaloT MpH COBMECTHOM JEWCTBUU

Hsp701 u Hdj1.
Wunykrop wmm  ero  pactBopurens (JAMCO) BBoaunaum  KpbicaMm
BHYTPHUOPIOLINHHO. Peructparuto JIEKTPO3HLIE(DATIOrpaMMBI,

ANEKTPOMHUOTPAMMBI,  3JIEKTPOOKYJOTpaMMbl U TEMIEPATYPbl «Alpa» Tela
IPOBOJMIM B CBOOOJHOM TMOBEACHUM B TeueHHe 48 4yacoB Ha ycrtaHoBke DSI
(CIOA) c tenemerpuueckuM moayneMm 4ET, BKUBIEHHBIM 32 HECKOJIBKO HEJEIb
no okcrnepuMenTta. [lpu 00pabGoTKe JaHHBIX HMCHOJIB30BAIM MPOrPAMMBI,
pa3zpaborannbie B snaboparopuu. Conepxxkanue Hsp70 ouenuBanu B [1O u xope
Mo3ra MeTojioM BecrepH-010TTa yepe3 6 u 16 yacoB nmociie MHHEKIHUH.

BrisBneno nBa tumna s dexron: 1) yBennuenue 60IpCTBOBAHUS U CHIXKEHUE
MC u IIC (napagokcaibHblid COH) B 1-if cranuu (9-12 4) U ux noBbllIeHUE BO 2-i
craguu (B TeyeHue 12-15 u4); 2) menee 3HauutenbHoe mnoBbiieHne MC u TIC
TOJIBKO BO 2-U1 cTaann. BO3MOXHBI BE€ AIbTEPHATUBHBIC TUIIOTE3bI:

1) noseimiennie MC u IIC Bo 2-ii craguu OOYCJIOBIEHO YBEIUYECHHEM
conepsxanusi Hsp70i w/mnu camwxenuem Hdjl; 2) yBenuuenue 6oapcTBoBanus B 1-
1 cTaguu MOXeET OBITh CBA3AHO C yBeanueHueM coaepkanus Hdjl.

Honnepxano Ilporpammoii Ipesuagnyma PAH Ne 7
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EVALUATION OF EXECUTIVE FUNCTIONS IN CHRONIC INSOMNIA
BASED UPON A THEORETICAL MODEL OF EXECUTIVE FUNCTIONS

Tlioudi C.I’Z, Olavarrieta-Bernardino S. 1,

Ferndandez-Mendoza J.1’3, Martin-Plasencia P.z, Vela-Bueno A."”

"Laboratory of Human Sleep and Applied Chronobiology, Department of
Psychiatry, School of Medicine, Autonomous University, Madrid, Spain
’Department of Biological and Health Psychology, School of Psychology,
Autonomous University, Madrid, Spain

Sleep Research and Treatment Center, Department of Psychiatry, Pennsylvania
State University College of Medicine, Hershey, PA, USA

e-mail: christina.ilioudi@uam.es

Objectives: Chronic insomnia is characterized by chronic complaints of
nocturnal sleep disturbance and impaired daytime functioning. Although
insomniacs complain of cognitive difficulties, objective deficits have been difficult
to demonstrate. The aim of this study is to evaluate the executive functions in
chronic insomnia based upon an integrated theoretical model.

Methods: The groups were matched for age, sex, education level and
chronotype. We analysed the data of 30 insomniacs and 30 controls.
Neuropsychological assessment included tests of attention, working memory,
verbal fluency, planning and decision making.

Results: Insomnia was of moderate severity and sleep disturbance was
subjectively and objectively demonstrated. The two groups did not differ in
sleepiness, but insomniacs reported more fatigue, anxiety, depressive symptoms
and rumination. Significant differences were observed in tests of attentional span,
maintentance/manipulation of information, proactive interference, dual task
paradigm, and category fluency. Moreover, decision making was associated with
different emotion regulation strategies in the two groups. Shifting attention was
associated with various cognitive processes in the control group, but not in the
insomnia group. Subjective severity of insomnia was associated with better
performance in sustained attention, while worse objective sleep quality was related
to better performance in speed of processing and the phonological loop.

Conclusion: The results support the notion that insomniacs with objective
alteration of sleep suffer from daytime and nighttime consequences. They present
deficits in fluency, probably due to semantic access deficiency, and the executive
components of working memory, whereas there is a fluctuation in allocation of
attentional resources. The cognitive system of insomniacs’ works in a different
manner than the one of controls, while shifting of attention plays an important role
in the expression of the deficit. Finally, subjective perception of severity of sleep
disturbance and objective alteration of sleep are strong predictors of
neurocognitive performance.
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THERAPEUTICAL AND PHYSIOLOGICAL EFFECTS CAUSED BY THE
ELECTROCUTANEOUS STIMULATION OF A HAND DURING SLOW
WAVE SLEEP

Indursky P.A., Markelov V.V.,

Shakhnarovich V.M., DorokhovV.B.*

«(NEUROCOM) Ltd,

*Institute of Higher Nervous Activity & Neurophysiology, RAS, Moscow

Slow wave cortical EEG activity in the delta band (0.5-4.0 Hz) — SWA is
most prominent during deep slow wave sleep (SWS). Its power depends on the
previous waking duration and is a homeostasis marker. SWS is considered the
most important stage for realization of recovering functions. We have
demonstrated the possibility to influence the characteristics of nighttime sleep with
rhythmical (0.8-1.2 Hz) subthreshold electrocutaneous stimulation of a hand during
SWS when SWA appeared. First night was used for adaptation, 2" — a control
night, 3" and 4™ nights — with stimulation during delta sleep. The stimulation
caused significant increase in delta sleep length and SWA power (in 11 of 16
subjects) as well as mood and well-being improvement in subjects with lowered
emotional tone.

We suppose that the acquired result was caused by the hypothetical
mechanism responsible for preservation and deepening of sleep state and resisting
the activating and waking influence of the afferent stimulation.

Supported by an RHF grant Ne 11-36-00242al
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TEPAIIEBTUYECKHUE 1 ®PU3NOJIOI'MYECKHUE DOPEKTHI,
BBI3BIBAEMBIE 3JIEKTPOKOXHOU CTUMYJSALIUEN PYKHU BO
BPEMS MEJUVIEHHOBOJIHOBOU CTAIMX HOYHOT'O CHA

Hnoypckuii I1.A., Mapkenoe B.B.,

Hlaxunapoeuu B.M., /lopoxoe B.b. *

340 «<HEHPOKOM)»

* Hncmumym Buvicweit Hepenoit /leamenvnocmu
u Heiipogpusuonozuu PAH, Mockea, Poccus

MennenHoBonHOBass kopkoBas OIJI aktuBHocth - MBA B J1enbra-
nuara3one (0.5-4.0 I'um) nHanbosnee BbIpakeHa B IIyOOKYIO, MEIJICHHOBOJIHOBYIO
CTaUI0 CHA; €€ MOIIHOCTh 3aBUCUT OT JJIUTEIbHOCTU MPEIIECTBYIOIIETO
00pCTBOBaHUS U ABJISIETCS MTOKa3aTesieM romeoctasa. MeaJIeHHOBOIHOBAs CTaIus
cuuTaeTcs HauboJiee BaXKHOM /I peau3alii BOCCTAHOBUTEIBHBIX (PYHKIUHN CHA.
Hamu mnoka3zaHa BO3MOKHOCTb BO3ACHCTBHSI Ha XapaKTEPUCTUKU HOYHOIO CHa
nyteM putMmuueckoil (0.8-1.2 I'm) moAmoporoBoi 3J€KTPOKOKHOW CTUMYIISIIIUEN
KHCTH PYK BO BpeMs ITyOOKO# CTauu HOYHOTO CHA Tipu nosBiennn MBA: 1 Houb
- aJanTalMOHHAs, 2 HOYb — KOHTPOJBHAsL, 3 U 4 - CO CTUMYJSILUEW BO BpeEMs
«zenpTa-craaum» cHa. CTUMYJILMY BbI3bIBajia JOCTOBEPHOE YBEIMUEHUE CPEIHEN
IPOJOJKUTENBHOCTH AeNIbTa-CHAa U MOIIHOCTH MBA (y 11 u3 16 ucnsiTyemsix), a
TaK)Xe YJIYUYlIEeHUE CaMOYYBCTBHS U HACTPOCHUS Y UCIBITYEMBIX C MOHUKEHHBIM
AMOLIMOHAJILHBIM ~ TOHycoM. llpenmonaraercs, 4YTO TMOJYYEHHBIM pe3yJbTaT
00ycioBlIeH (PYyHKIIMIOHUPOBAHUEM TMIIOTETUYECKOI0 MEXaHU3Ma, HAMPABIEHHOTO
Ha COXPAHHOCTh W YIIyOJICHHE CHA W MPOTHBOJEUCTBYIOIIETO AKTUBUPYIOLIUM,
poOYKIAIOIMKUM BIUSHUAM aPepeHTHON CTUMYJISIINH.

Padora nmognep:xana rpanrom PTH® Ne 11-36-00242al
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INDIVIDUAL REGULATION OF CARDIORESPIRATORY FUNCTION
OF THE NORTHERN FUR SEALS IN SLEEP-WAKEFULNESS CYCLE

Kibalnikov A.S., Verbitsky E.V.

Institute of Arid Zones of the Southern
Scientific Centre RAS, Rostov-on-Don, Russia
e-mail: askib@bk.ru

We have previously found that the northern fur seals had respiratory
arrhythmia during wakefulness and sleep. Its occurrences were higher in quite
wakefulness and REM than bilaterally slow wave sleep. It should be noted that
maintenance some level of vigilance in asymmetric slow wave sleep is
implemented by the physiological functions, some of which are probably
associated with the individual characteristics of the organism.

Animals were differentiated into two groups according to theirs behavioral
reactivity, which indicate the levels of basic anxiety. The first group comprised of
more active and aggressive animals (seals 2,4), and the second group comprised
inactive and unaggressive animals (seals 1,3). It was found in REM sleep that the
seals of the first group were characterized by shorter cycles of breathing (45-50s)
as compared to animals of the second group (63-67s). The average duration of
respiratory cycle increased at the first group seals and it decreased at the second
group seals in transition from bilateral to asymmetric slow wave sleep.
Interestingly, the variability of the instantaneous heart rate was lower in second
group seals than it did in first group seals. This indicates that the seals of first
group had respiratory bradycardia. According to behavioral and
electrophysiological data we suggest that seals with different level of reactivity and
thus different behavioral labiality have differently directed physiological
mechanisms of regulation of cardiorespiratory function in the sleep-wakefulness
cycle.

Thus, it appeared that apnea duration not only in a sleep, but also in
wakefulness is quite closely connected with character of behavioral reactivity and
level of basic anxiety of animals. New stimuli and changes of a situation are
perceived by animal as potential threat. It gives start for the reorganizations of
physiological functions necessary for apnea at diving during realization of reaction
of avoiding. It is related with their basic level of anxiety.
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VWHIUBUIYAJBHBIN XAPAKTEP PEI'YJISIIIUA
KAPJJUOPECIIMPATOPHON ®YHKIIUU Y CEBEPHBIX MOPCKHX
KOTHUKOB B HUKJIE COH-BOJAPCTBOBAHUE

Kuébanvnuxoe A.C., Bepouukuii E.B.

Hucmumym apuonvix 30n FOxcnozo nayunozo uenmpa PAH
Pocmoe-na-/[ony, Poccus

e-mail: askibwbk.ru

Panee namMu ObUTIO OOHAPY)KEHO, YTO APUTMHUSA [bIXaHUS Y CEBEPHBIX
MOPCKUX KOTHKOB TIPOCJIEKHMBACTCS M B OOJPCTBOBAHWMHU, M BO Bpems cHa. Ee
BEPOSITHOCTh Y KOTHKOB BBIIIIE B CIIOKOWHOM OOJPCTBOBAHHWH W TMapaJ0KCATHEHOM
CHE, YeM B OujaTepajibHOM MEIJIEHHOBOJHOBOM cHe. ClienyeT OTMETHUTh, 4TO
peanu3aius MoTPeOHOCTEN ITUX JKUBOTHBIX B COXPAHEHHUH OTNPEICIEHHOTO YPOBHS
OMUTETLHOCTH B XOJ€ YIIyOJCHHS aCMMMETPUYHOTO MEICHHOBOJHOBOTO CHA
peanusyercsi ToCpeaCTBOM (HU3NOTOTHYECKUX (YHKIIMH, COBOKYITHOCTh KOTOPBIX,
BEPOSITHO, CBSI3aHA C UHAUBUYyaTIbHBIMU OCOOCHHOCTSIMU OpTaHU3Ma.

JKuBOoTHBIE 10 XapakTepy IOBEICHUECKON PEAKTUBHOCTH, KOTOPBIN
OTpa)kaeT ypOBEHb 0a30BOM TPEBOKHOCTHU, ObutH AU epeHMpoBaHbl Ha JBE
rpynisl. [lepBas rpymnmna o0beanHsIa 607€e aKTUBHBIX M arpeCCUBHBIX KUBOTHBIX
(xkotuku 2, 4), a BTOpas — oco0eld Majo TOJBMKHBIX CO CHHYKEHHOMN
arpeccUBHOCThIO (KOTUKH 1, 3). BbISICHMUIOCH, YTO KOTUKM NEPBOM TIPYIIIbI
XapakTepu3oBajgach ~ Oojee  KOPOTKMMHU  JbIXaTEIbHBIMH  IHKJIAMH B
napajokcaibHoM cHe (45-50 c¢) 1o CpaBHEHMIO C KUBOTHBIMU U3 BTOPOM T'PYIIIbI
(63-67 c). B nepBoii rpynie cpeHssi NPOAOTKUTEILHOCTh JIBIXaTEIbHOTO UK
IpY TIepexojie OT OUIATEPATHLHOTO K aCHMMETPUYHOMY MEIJICHHOBOJIHOBOMY CHY
YBEIIMYMBAJIACh, B OTJIHWYUE OT OCTAJIBbHBIX YXKUBOTHBIX, Y KOTOPBIX IpPU 3TOM
OTMEYEHO YMEHBIIECHUE CPEIHEN NPOJOKUTEIBHOCTH ABbIXaTEIbHOIO I[UKJIA.
JIx00O0MBITHO, YTO BapuaOEIbHOCTh MTHOBEHHOM YaCTOThI CEPJICUHBIX COKPAICHUM
y KOTHUKOB BO BTOPOM TpyIie Obljla HUXKE, YeM B MEPBOM. ITO yKa3bIBaeT Ha TO,
YTO KOTHKaM TIEpBOM TpyNIbl CBOWCTBEHHA 3HAYMUTENIbHAS JbIXaTeIbHas
Opaaukapaus. Ha OCHOBaHUU 000011IeHUs MOBEJACHUYECKUX U
NMEKTPODU3UOIOTMUECKUX  JTAHHBIX, MOXHO MPEANOJOXKUTh, 4YTO Ooliee
IUTACTUYHOE MOBEJCHUE KUBOTHBIX, O0OYCIOBIEHHOE COOTBETCTBYIOIIMM YPOBHEM
PEaKTUBHOCTH, PEaTU3yeTCs 3a CYET pa3HOHAINPABJICHHBIX (PU3NOIOTHIECKUX
perymnsiui KapIuopecnupaTopHor (yHKIIMH B IIUKJIE COH-0O0IPCTBOBAHUE.

Takum 00pa3om, 0Ka3aioCk, YTO JAJTUTEIHHOCTD alTHOY HE TOJIBKO BO CHE, HO
U B OOAPCTBOBAHMM JIOBOJBHO TECHO CBSI3aHA C XapaKTEpOM IOBEACHYECKON
PEaKTUBHOCTU U  ypOBHEM 0a30BOMl  TPEBOKHOCTH  KMBOTHBIX. HoBBbIE
pa3ipaXXuTead W HU3MEHEHHUSI OOCTAaHOBKM BOCIPHUHUMAIOTCS »KUBOTHBIMHM Kak
MOTEHIIUAJIbHAS YTpo3a U 3aMyCKalOT MEPECTPOUKU (HU3UOJIOTHYECKUX (PYHKIIHM,
HYXKHBIE JIJIS amHO® MPU HBIPIHUU B XOJC peaM3allud PeaKluu Hu30eraHus,
00yCIIOBJIEHHON YPOBHEM UX 0a30BOM TPEBOKHOCTH.
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THE CHANGE OF GLUCOSE AND LIPID METABOLISM DURING
FOLLOW-UP IN HYPERTENSIVE, OBESE PATIENTS WITH
OBSTRUCTIVE SLEEP APNEA SYNDROME

Korostovtseva L.S., Zvartau N.E.,

Sviryaev Yu.V., Rotar O.P., Konradi A.O.

Almazov Federal Heart, Blood and Endocrinology Centre
St Petersburg, Russia

e-mail: Lyudmila korosto@mail.ru

Objective. To assess the change of fasting glucose and lipids in
hypertensive, obese patients with obstructive sleep apnea syndrome (OSAS) in a
follow-up study.

Design and methods. Weenrolled80 hypertensive, obese subjects (45 males
and 35 females) without other cardiovascular diseases or diabetes mellitus [mean
age 51 (38-64) years]. All patients got standard antihypertensive therapy, and at
baseline and annually during follow-up they got life style recommendations. At
baseline and during follow-up all subjects underwent sleep study (Embletta, Natus,
USA), and fasting glucose and lipid levels assessment (Hitachi-902, Roche-
Diagnostics, Switzerland).

Results. According to the sleep study 64 subjects had OSAS. By theen do
follow-up [in 111 (84.5; 120) months on average] weight gain from 102.0 (89.5;
114.5) to 107.5 (95.5; 120.0) kg (p=0.004), and an increase of body mass index
from 35.0 (31.9; 39.7) to 35.8 (31.8; 41.1) kg/m* (p=0.008, paired Wilcoxon test)
were registered in the whole group, however, there were not significant differences
between OSAS and non-OSAS subjects. OSAS patients demonstrated rise in
glycemia [by 1.1 (-0.27; 1.59) mmol/l], while there was a non-significant decrease
of fasting glucose level (by 0.52 mmol/l on average) in subjects without sleep
disordered breathing (SDB). The change of fasting glucose level was not
associated with weight gain. Other biochemical parameters remain unchanged in
both groups (p>0.05).

Conclusion. In conclusion, at 7-10 yea follow-up there is a significant rise
in fasting glucose level by 1.1 mmol/l in hypertensive, obese patients with OSAS
compared to those without SDB, which might be associated with the increased risk
of glucose metabolism impairment.
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JTAHAMHUKA MOKA3ATEJIEA YTJIEBOJHOI'O M JIMIIUIHOI'O
OBMEHA Y BOJIBHBIX APTEPUAJIBHOM TMITIEPTEH3UEN U
OXKXUPEHHUEM C CUHAPOMOM OBCTPYKTHUBHOI'O AITHOD BO
CHE

Kopocmosuesa JI.C., 3éapmay H.3., Ceupsaes IO.B.,

Pomapyw O.11., Konpaou A.O.

DI'BY «Deodepanvhuiit Llenmp cepoua, Kposu u IHOOKPUHOI02UU

um. B.A. Anmazoea» Munszopasa Poccuu, Cankm-Ilemepoype, Poccus
e-mail: Lyudmila_korosto@mail.ru

Leab uccieqoBaHusi - OUEHUTH JUHAMHKY IOKa3aTelield YrieBOJAHOIO U
JUNUAHOTO OOMEHa y OOJBHBIX apTepUalbHON THUIEPTEH3HEH M OXHUPEHUEM B
3aBUCUMOCTH OT HAJIMYUsl CUHApPOMa oOCcTpykTHUBHOTO anmHod Bo cHe (COAC) npu
MPOCIIEKTUBHOM HaOJII0ICHUH.

Marepuanabl u Metoabl. B ananu3 BximrodeHo 80 O00IbHBIX (45 MyX4YUH U
35 >KeHIWH) apTepUabHON TUTIEPTEH3UEH M OXKHpPEHUEeM 0e3 JIPyrux CepAedHO-
COCYIHUCTBHIX 3a00JIeBaHWI M caxapHoro amabera [cpemuuii Bo3pacT 51 (38-64)
rona]. Bcem OoyibHBIM  ObUIa  BBIMIOJAHEHBI HCXOAHO W B JIMHAMHUKE
nosimcoMuorpaduueckoe uccienoBanne (Embletta, Natus, USA), ornenka ypoBHS
mroko3el W aunuaoB  Haromak (Hitachi-902, peaktuBsl Roche-Diagnostics,
[IBetinapus).

Pe3yabTathl. [lo pesynapTaramMm MoaucOMHOTIPaUUYECKOTO HCCIEAOBaHUS Y
64 6onbHbIX BbIssBICH COAC. B o0mielt rpynme K KOHITy HaOJI0ICHHS [B CpeaHEM
yepe3 111.0 (84.5; 120.0) mecsneB]oTMeueHO yBenudeHue macchl Tena co 102.0
(89.5; 114.5) no 107.5 (95.5; 120.0) kr (p=0.004) u HapacTaHue MHIEKCAa MAaCChI
Tena ¢ 35.0 (31.9; 39.7) no 35.8 (31.8; 41.1) xr/m” (p=0,008, TecT YHIKOKCOHA st
CBS3aHHBIX BBIOOPOK). OHAaKO pazinnunii Mmexy rpynnamu 6oiabsHbIX COAC u 6e3
HapyUIEHUW JbIXaHUS BO BpEeMsi CHa [0 JIMHAMHUKE AaHTPOMOMETPUUYECKHX
nokasareneid BbIsiBIeHO He Obuto. B rpymme OGombHbix COAC oTmedeHo
yBenuueHue ypoBHs riumkemun [Ha 1,1 (-0.27; 1.59) mMmonb/n], a y nun 0e3
HapyLIEHUH JAbIXaHUsI BO CHE — €r0 HE3HAYUTENIbHOE CHUKEHUE (B cpenHeM Ha (.52
MMOJTB/T). U3MeHeHne TIIMKeMUU He OBLJI0 aCCOIMUPOBAHO C M3MEHEHHEM MacChl
tena. [lo ocTadbHBIM OHMOXMMHUYECKUM [IOKAa3aTeNsiM 3HAUYUMBIX Ppa3IMuui
BBISIBJICHO HE ObL10 (p>0.05).

3akmouenue. Takum 00pa3oM, y OONbHBIX apTepUaIbHON THNEPTEH3UEN U
oxupenneM ¢ COAC mnpu mnpocrneKTUBHOM HaOmogeHun uepe3 7-10 et
OTMEYaeTcs HapacTaHWE YPOBHS INIMKEMUHW HATONIAK B cpeaHeM Ha 1,1 mmounb/i,
YTO, BEPOSITHO, MOKET OBITh aCCOIMMPOBAHO C TMOBBIIMICHHBIM PUCKOM pPa3BUTHUSA
HapyLIEHUHN yrIeBOAHOrO0 OOMEHa.
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THE STUDY OF TEMPERATURE OF CORTICAL AND SUBCORTICAL
BRAIN STRUCTURES IN NORTHERN FUR SEALS IN THE WAKE-
SLEEP CYCLE

Kosenko P. 0.1’2’4, Bagvandin A, Korneva S.MI, Mukhametov L.M“,
Siegel J.M.”, Lyamin 0.1."%*

1 «Utrish Dolphinarium', Moscow, Russia

’Southern Federal University, Rostov-on-Don, Russia

3University of California in Los Angeles, USA

‘Severtsov Institute of Ecology and Evolution, Moscow, Russia
*University of Johannesburg, South Africa

Sleep of cetaceans is characterized by two unusual features - unihemispheric
slow wave sleep (SWS) and the absence of paradoxical sleep (PS). In addition, the
change patterns of synchronization and desynchronization of cortical EEG in
dolphins correlates with temperature fluctuations of the cerebral cortex. Such
changes "occur unihemisphericly in accordance with unihemispheric’s changes of
EEG" (Kovalzon and Mukhametov 1982). Sleep of northern fur seals can be both
bilaterally symmetrical; and "unihemispheric", thus combining the features of
terrestrial mammals and cetaceans. The objective of this study was to examine the
dynamics of the temperature of the cortical and subcortical structures of the brain
during sleep. The experiments were conducted on 3 northern fur seals chronically
implanted for EEG and meck musculature EMG recording as well as pairs of
cortical and thermistors targeting the hypothalamus and the forebrain (a total of 6
pair of cortical and 8 pair of subcortical).

Circadian changes of temperature in cortical and subcortical brain structures
in fur seals were similar to those in terrestrial mammals and humans: in the first
half of the night, the temperature decreased progressively and then increased in the
morning. The range of temperature change during the day was almost 2 ° C. The
development of SWS in fur seals was accompanied by decrease in temperature
compared with quiet wakefulness, although during some episodes the temperature
could progressively increase. As during bilateral SWS and SWS with a pronounced
hemispheric asymmetry of EEG, the temperature in symmetric brain (cortical and
subcortical) structures changed synchronously. During the transition from SWS to
PS the temperature in fur seals gradually increased as in terrestrial mammals.
However, the increase in brain temperature usually began only after a first brief
decrease.

In conclusion, the unexpected result of this study shows that, despite an
phenomenological similarity of unihemispheric SWS in cetaceans and fur seals, the
temperature of symmetrical paired brain regions (cortical and some subcortical
structures) changed in fur seals symmetrically, regardless of the expression of
interhemispheric EEG asymmetry, whereas in dolphin these changes occurred
asynchronous.
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NCCIEAOBAHUE TEMIIEPATYPbI KOPBI U ITOJAKOPKOBBIX
CTPYKTYP MO3T'A Y CEBEPHBIX MOPCKHUX KOTHUKOB B IIUKJIE
BOJAPCTBOBAHHUE-COH

Kocenxo I1.0."** Bazeéanoun A.”, Kopnuesa CM.,

Myxamemos JI.MI’4, Cuzan /Inc. M3, Jamun O.1.3*

'000 «Ympuwckuii denvgpunapuiin, Mockea, Poccus

2FOxcnvrit pedepanvuvrii ynugepcumem, Pocmos-na-ony, Poccus
3Kaﬂm1)opnuﬁa<uﬁ yhugepcumem, Jloc-Anoxcenec, CILIA
‘Uncmumym npoénem sxonozuu u

seonrwyuu um. A.H. Cesepuosa PAH, Mockea, Poccus
Yuusepcumem Hoxannecoypza, OAP

CoH KUTOOOpPA3HBIX XapaKTEepPU3yeTCs JByMs HEOOBIYHBIMU KayeCTBaMU -
HaJIMYKMEM OJHOMOJYIIApHOro MeajgeHHoBoJHOBoro cHa (MC) u oTcyrcTBHEM
napaznokcanpHoro cHa (IIC). Kpome TtOro, cMeHa KapTWH CHHXPOHHU3ALUU MU
necunxponuzanuu JKol' y nenbhuHOB KOppenupyeT ¢ KojeOaHUsIMU TeMIIepaTyphbl
KOpbl MO3ra, U TaKU€ HW3MEHEHHUS “TPOUCXOJAT OJIHOMOJYIIAPHO B COOTBETCTBHUE C
onnononymapubiMu u3MeHeHussmu JKol' (KoBanb3on, Myxameros, 1982). Con
CEBEPHBIX MOPCKHX KOTUKOB MOXXET OBITh KaK OWaTepalibHO CUMMETPHUYHBIM, TaK H
“omHomnonyumiapHeiM’, coueras npuzHaku MC Ha3eMHbIX MIICKONUTAIOMINX U
KUTOOOpa3HbIX. 3ajadya JAHHOIO MCCIIEJOBAaHUS COCTOsUIa B W3YYEHUU TUHAMUKU
TEMIIepaTypbl KOPKOBBIX U TMOJKOPKOBBIX CTPYKTyp MoO3ra BO BpeMs CHa.
DKCNEpUMEHThl ObUIA BBIMOJIHEHbl HA TPEX MOPCKUX KOTHKaX, KOTOPBIM ObUIH
UMIUIAaHTUPOBAHBI 3JEKTPObI Ui peructpauuu D3I, 351eKTpoMuorpaMMbl MEHHOM
MYCKYJIaTyphl, a Takke 6 ap KOPKOBBIX U § Map MOJAKOPKOBBIX TEPMUCTOPOB.

HupkaguanHble U3MEHEHHUS! TEMIIEpATypbl KOPBI MOJYHIApUNA U MOAKOPKOBBIX
CTPYKTYpP MO3Ta y KOTUKOB OBLJIM CX0H C TAKOBBIMU Y HA3€MHBIX MJICKOIUTAIOLIUX U
YeJOBEKa: B MEpPBYI IMIOJOBMHY HOYM TEMIIEpaTypa CHUXKAjJach, IIOCIE 4YEro
yBEJIMYMBAJIACh B yTPEHHUE 4achl. J(Mama30oH M3MEHEHUN TeMIlepaTypbl B TEUCHUE
cyTok coctaisil noutu 2°C. Pazgutne MC y MOPCKMX KOTHKOB COITPOBOXKIAJIOCH
CHI)KCHHEM TEMIIEPATyphl M0 CPABHEHHUIO CO CIIOKOWHBIM OOJPCTBOBAHHEM, XOTS BO
BpeMsi OT/eNbHBIX 31130,10B MC Temmneparypa Morja MeUICHHO yBeanuuBaThes. Kak
BO Bpemst OunarepanbHoro MC, tak 1 MC ¢ pe3ko BbIpaXX€HHOM MEXIOJIyIIapHOMN
acummetrpueit ODI' TeMmmepaTypa B CHUMMETPUYHBIX CTPYKTypax HW3MEHsUIACH
cuaxponHo. IIpu mepexone or MC k IIC temneparypa Mo3ra MOPCKHX KOTHKOB
MOCTENEHHO YBEJIMYMBAJIACH;, JlaHHAsg 3aKOHOMEPHOCTh OTMEUYEHAa U Yy HA3EMHbBIX
miekonuTaroumx. OJHAKO pOCT TEMIEpPaTypbl MO3ra y KOTMKOB HAuMHAJCS, Kak
MPaBUIIO, TIOCIIE KPATKOBPEMEHHOTO CHIDKEHMSI TeMIiepaTypbl B Havase anu3ona [1C.

Takum 00pa3oM, HEOKUAAHHBIA PE3YNIHTAT JAHHOTO MCCIIEI0BAaHUSA COCTOUT B
TOM, 4TO, HECMOTpPSI Ha OYEBUIHOE CXOACTBO (PeHOMEHOB oaHomnonymapHoro MC y
KUTOOOPa3HBIX M MOPCKUX KOTHKOB, TEMIIEpaTypa MO3ra B CUMMETPUYHBIX OT/AENax
KOpbl OOJIBIIMX TONymapuii Mo3ra (M HEKOTOPBIX IOJKOPKOBBIX CTPYKTYP)
U3MEHSIETCSI Y KOTHUKOB CHHXPOHHO BHE 3aBUCUMOCTH OT BBIPAXXE€HHOCTH
MeXnonymapHo acummerpun O3I, Torma kak y Aenb(QUHOB STH M3MEHEHHUS
ACUHXPOHHBI.
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DEPENDENCE OF DEPRIVATION INFLUENCE OF SLEEP
FORSPATIAL MEMORY FROM PROCEDURE OFONE-DAY LEARNING
OF RATS IN MORRIS'S WATER TEST

Kozhedub R.G., Arsenyev G.N., Kulikov M.A. Dorokhov V.B.
Institute of Higher Nervous Activity and Neurophysiology
RAS, Moscow, Russia

e-mail: kozhedubrg@qgmail.com

Investigated features of influence of a deprivation of a sleep for long-term
spatial memory after learning in avoiding of compulsory swimming in Morris's test
who is carried out on protocols, differing from each other temporary structure of
rat lowering down to the pool, presentation only platform hidden under water or
alternating its presentation with placed on it and a reference point acting over
water. Registration of movement of rats and calculation of parameters of the tracks
reflecting their behavior, carried out by means of the Ethovision program (version
3.1) on installation of Noldus firm (Netherlands). By means of traditional cognitive
indicators for the test probe shown once every other day after learning which
carried out with the platform hidden under water, first, statistically significant
excess of an average share of time of stay of a rat and the passable distance in
being target a quadrant over such shares in other quadrants is revealed. Secondly,
these indicators in the former target quadrant for undeprived group of rats
significantly above, than for the deprived. After the learning which is carried out
with alternation of search of a platform with a reference point acting over water
and without it, significant distinction of such indicators at group of deprived and
undeprived rats isn't revealed. Distinction is revealed on a new indicator: to
number of crossings of borders of the zone being in a quadrant of the former
placement of a platform at learning with an area equal to it, and in similar zones of
other quadrants. Undeprived rats significantly more often visited a zone in being
target a quadrant, than other zones, and the number of visits at them was
significant above, than at the deprived. The analysis of dynamics of medians of
time of swimming and length of a way revealed its good approximation by
exponential model of learning, giving demonstration of stabilization of indicators
about 5-7 tests, indicating to fast acquisition of skill. It is supposed that alternation
of search of a platform with a reference point and without it leads to a dominant
state with reciprocal interaction between the neural associations involved at
different strategy of its search, and its termination — to bigger safety of skill.
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3ABUCHUMOCTD BJIMAHUA JEITPUBAIIUUA CHA HA
IMPOCTPAHCTBEHHYIO HAMATDH OT ITPOLEAYPbI
OJHOAHEBHOI'O OBYYEHUA KPbBIC B BOJHOM TECTE MOPPUCA

Koowceoyo P.I'., Apcenvee I'.H., Kyaukoe M.A., /lopoxoe B.b.
Hucmumym evicuieil HepeHOIL 0esameibHOCHU

u neupoguzuonoczuu PAH, Mockea, Poccus

e-mail: kozhedubrg@wgmail.com

HccnenoBanu 0coOOEHHOCTH BIIMSHUSA JICTIPUBAIIMK CHA HA JOJITOBPEMEHHYIO
IPOCTPAHCTBEHHYIO NaMsATh IoOcie OO0ydeHUs U30eraHvio MNPUHYIUTEIBHOIO
I1aBaHus B Tecte Moppuca, OCylIeCTBIIEMOro MO MPOTOKOJIaM, OTINYArOIIUMCS
BPEMEHHON CTPYKTYpOH OIYyCKaHHsI KpPbIC B 0acceilH, MPEeabsSBICHUEM TOJIBKO
JMIIb CKPBITOM MMOJA BOJAOW MIaTdoOpMbl WIM IEpeMexas €€ MNPEeAbsIBICHUE C
MIOMEIICHHBIM Ha HEW M BBICTYNAOIIMM HAJ BOJOW OpPHEHTHUPOM. Permcrpamuro
NEPENBKEHUS] KPbIC M BBIUMCIEHUE MapaMETPOB TPEKOB, OTPAXKAIOMIMX HX
MOBEJICHHE, OCYIIECTBISUIM C MoMolbio nporpammbl Ethovision (Bepcust 3.1) Ha
yctaHoBke ¢upmbl «Noldus» (Hunepnanaer). C moOMOINIBIO TpagUIIMOHHBIX
KOTHUTUBHBIX TOKa3zaTened Il TECTOBBIX MPOO, MPEeAbsBICHHBIX OIHOKPATHO
yepe3 JeHb IMociie OO0ydeHHs, KOTOpO€ MPOBOAMIA CO CKPBITOM MOJA BOAOU
m1aTpOpMOM, BO-MEPBBIX, BBISIBICHO CTATUCTHYECKH 3HAYMMOE IIPEBBILICHUE
CpeIHENI0IM BpPEeMEHHM MNpeObIBaHUS KPBICHI U MPOWJEHHOIO PACCTOSIHUS B
OBIBIIIEM II€JIEBBIM KBAJPAaHTE HAJ TaKUMH JOJSMU B OCTaJbHBIX KBajipaHTaX. Bo-
BTOPBIX, 3TH MOKa3aTeNu B ObIBILIEM LI€JI€BOM KBaJpaHTe il HEJCIPUBUPOBAHHON
IPYIIbl KPhIC 3HAYUMMO BBIIIE, YeM Uil JAenpuBupoBaHHOM. [locie oOyueHus,
IPOBOJAMMOTIO C YEPEIOBAHHEM MOMCKA MIAT(GOPMBI C BBICTYHAIOIIMM HAaJl BOAOU
OpPUEHTHPOM U 0€3 HEro, 3Ha4MMOE€ pA3JIMYME TAaKUX I[OKa3aTejaedl y TIpymibl
JENPUBUPOBAHHBIX M HEACNPUBUPOBAHHBIX KpbIC HE BbIsABICHO. Pasnuuune
BBISIBJIEGHO TI0 HOBOMY IIOKa3aTeNl0: YHUCIY TEePEeceYeHUuid TpaHMl] 3O0HbI,
HaXOJsALIEHCs B KBaJpaHTe OBIBIIETO pa3MelleHUs MIaTPOpMbl MpU OOYYEHHH C
paBHOM €M IUIOWA[bI0, W B AHAJIOTMYHBIX 30HAX JPYTUX KBaJpaHTOB.
HenenpuBupoBaHHbIe KPHICH 3HAYMMO Yallle MOCEHIANIN 30HY B OBIBIIIEM I1€JIEBHIM
KBaJIpaHTe, YeM MPOYHe 30HbI, a YUCIO MOCEHICHUH Y HUX ObLJIO 3HAYMMO BBIIIIE,
4eM y JCHPUBUPOBAHHBIX. AHAIW3 JUHAMHKMA MEJWAH BPEMEHHU IUJIABAHUS U
JUIMHBI ITyTH BBISIBUJI XOPOLIYIO €€ allpPOKCUMALUIO 3KCIIOHEHIIUAIBHOW MOJIEIIBIO
oOydeHus co crabunu3anueit mokaszarenei ¢ 5-7 TecTa, yKa3bIBaloIIeH Ha ObICTPOe
npuobperenue HaBbika. [Ipenmnonaraercs, 4To yepegoBaHUe MOUCKA TUIATHOPMBI €
OpUEHTHPOM U 0€3 Hero MPUBOAMUT K TOMHUHAHTHOMY COCTOSTHUIO C PELIUIIPOKHBIM
B3aUMOJIECTBUEM MEX1Yy HEHPOHHBIMU OOBEIUHEHUSMH, BOBJIEKAEMBIMH IpU
pa3HbIX CTpaTEerusx €€ MOUCKA, a €ro MpeKpalieHue — K OOJbIIEH COXPAaHHOCTU
HaBBIKA.
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HSP70 PREVENTS CHANGES IN SLEEP AND
IMMUNOHISTOCHEMICAL PARAMETERS IN THE MODEL OF THE
CLINICAL STAGE OF PARKINSON’S DISEASE IN RATS

Lapshina K.V., Plaksina D.V., Pastukhov Yu.F.

Sechenov Institute of Evolutionary

Physiology and Biochemistry of the RAS, St Petersburg, Russia
e-mail: ksenia.lapshina@gmail.com

Introduction. It was shown that the deep decrease in activity of ubiquitin-
proteasome system in Wistar rats caused by inhibitor lactacystin induces more than
60% degeneration of dopaminergic neurons in the substantia nigra pars compacta
(SNpc), a decrease in level of chaperone Heat Shock Protein 70 kDa (Hsp70) in
neurons and reduction in rapid-eye-movement sleep (REM). The clinical stage of
Parkinson’s disease (PD) is characterized by these patterns. The new inductor can
increase the level of Hsp70 in nigral neurons and improve its survival in
proteasomal dysfunction [Pastukhov et al., 2012; Pastukhov, 2013]. This study
aims to investigate the effect of microinjections of Hsp70 into the SNpc on sleep
characteristics and immunohistochemical parameters in the model of the clinical
stage of PD in rats.

Methods. Bilateral injections of lactacystin (proteasome inhibitor) were
performed into the SNpc twice with 7 days interval. Recombinant Hsp70 was
injected 2 hours before lactacystin. The continuous recordings of
electroencephalogram, electrooculogram, electromyogram, brain and tail skin
temperatures were performed 7 and 14 days after the ending of microinjections of
lactacystin using computer system SASR-8800 (USA). Immunohistochemical
studies were performed 14 days after the ending of microinjections of Hsp70 and
lactacystin.

Results and discussion. It was found that microinjections of Hsp70 before
lactacystin can reduce the loss of dopaminergic neurons of SNpc and their axons in
striatum, and prevent changes in total amount of REM sleep and a decrease in
tyrosine hydroxylase (key enzyme of dopamine synthesis) level in survived nigral
neurons and striatal axons. Thus an increase in Hsp70 in SNpc helps to slow down
the neurodegenerative process at the preclinical stage of PD. These data support
the hypothesis [Pastukhov, 2013] that changes in REM sleep characteristics can be
a non-motor symptom reflecting the condition of protective potentialsin the
nigrostriatal system at the different stages of PD development.

Supported by the Russian Foundation for Basic Research Ne 11-04-01588
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HSP70 HPEAOTBPAINAET USMEHEHHWS1 CHA "
UMMYHOI'NCTOXUMHYECKHUX NOKA3ATEJIEW B MOJEJIHN
KIIMHUYECKOU CTAAUU BOJIE3HU ITAPKUHCOHA Y KPBIC

Jlanwuna K. B., IInaxkcuna /[.B., Ilacmyxoe IO. .
Hucmumym 360110uu0HHOU hu3zuonozuu

u ouoxumuu um. .M. Ceuenosa PAH, C-Ilemepoype, Poccus
e-mail: ksenia.lapshina@gmail.com

BBenenme. Panee mnoka3zaHo, 4YTO TJIyOOKOE€ CHHXEHUE AKTUBHOCTHU
yOUKBUTUH-TIPOTEACOMHON  CUCTEMbI Yy  Kpbic  Bucrap  uHrubutopom
JAKTALMCTUHOM MPUBOJIUT K norepe Oosnee 60% nopaMuHEpruyeckux HEMpPOHOB
KOMITAaKTHOM yacTu 4epHol cyOctanuuu (k4YC), yMEHBIIEHUIO COJAEpKaHUS
manepona HeatShockProtein 70 kDa (Hsp70) B HelipoHaX U CHM)KEHHUIO OBICTPOTO
CHA, YTO XapakKTepHO sl KiuHW4Yeckod crtaauu Oone3nu Ilapkuncona (BI);
HOBBI MHIYKTOp IIANIEPOHOB YBEJIWYMBAET B HelpoHax conaepxkanue Hsp70 u
MOBBIIIACT BBDKUBaEMOCTh HelipoHoB K4UC mpum mpoTreacoMHOW AUCHYHKIUN
[[TacTtyxoB u ap., 2012; ITactyxoB, 2013]. 3agaya HACTOSIIEr0 MCCICIOBAHUS —
u3yuuTh BiMsiHUE MUKponHbekIuMid Hsp70 B kuUC Ha XapakTepUCTUKH CHau
MMMYHOTUCTOXUMHYECKHUE MTOKA3ATENN B MOJIECIIN KIIMHUYECKOU cTtaauu bII.

Mertoabl. MUKpPOMHBEKIMM HMHIHOMTOpAa MPOTEACOMBl JIAKTAMCTHUHA
BbINONHANM OunatepasibHo B k4YUC camuam kpbic JuHuM Bucrap nBaxnabl (c
HeZelbHbIM MHTepBasioM). PexomOunanTHeiii Hsp70 BBogunu B ku4C 3a 2 4 10
MUKPOUHBEKLIUI JIAKTallUCTUHA. Perucrpanuto 3JIEKTPOOKYJIOTPAMMBI,
ANEKTpPO3HLE(]ATOrpaMMbl,  JIEKTPOMUOTPaMMbI,  TEMIIEpaTypbl  MO3ra U
TEMIIEPATYPbl KOXKH XBOCTa OCYIIECTBISUIM C NPUMEHEHHEM KOMIIBIOTEPHOU
cuctembl SASR 8800 (CHIA) Ha 7-it u 14-7eHb TOC/IE OKOHYAHHUS WHBEKIUN
JaKkTaucTuHa. UMMYyHOTHCTOXMMHYECKHE MTOKA3aTENN ONpeaeisiin uepe3 14 nueit
1ocJie OKOH4YaHUsl MUKpouHbeKIMi Hsp70 u takTauucTuHa.

PesyabTaTthl M o00cy:xaenue. BrisiBiieHo, uro mukpounbekuuu Hsp70,
IIPEAIIECTBYIOIINE BBEJICHUIO JIAKTalMCTHHA, YMEHBIIAKOT IIOTEPIO
noamunepruueckux HeipoHoB B KYYC M UX OTPOCTKOB B CTpHATyME U
IPEIOTBPALIAIOT U3MEHEHHUS O0IIEer0 BPeMEHH OBICTPOTO CHA U CHIDKEHUE YPOBHS
OCHOBHOTO (pepmeHTa cuHTe3a nodaMUHA TUPO3HMHTUAPOKCUIA3BI B BBDKUBIIMX
HEHWpOHax U akCcoHax B crpuaryMe. CiieroBaresbHO, noBbiieHne yposHs Hsp70 B
k44YC crnocoOCTByeT 3alepKKe pa3BUTUS HEMPOAEreHEepaTUBHOIO Mpolecca Ha
ypoBHE pokimHMYeckou craguu bII. IlosydeHHble HaHHBIE NOATBEPKIAAIOT
runote3y [[lactyxoB, 2013] 06 U3MEHEHUAX XapaKTEPUCTUK OBICTPOTO CHA KakK O
HEMOTOPHOM CHUMITOME, OTPaXalollleM COCTOSIHUE HPOTEKTUBHBIX pE3EPBOB
HUTPOCTPUATHOM CHUCTEMBI Ha pa3HbIX 3Tanax pa3Butus bII.

HccnenoBanue nognep:xkano rpantom POOU Ne 11-04-01588
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CHANGES IN THE STRUCTURE OF WAKEFULNESS-SLEEP CYCLE IN
MPTP MOUSE MODEL OF PARKINSONISM

Manolov A.1.", Dolgikh V. V.. Ukraintseva Y.V..,
Dorokhov V.B.', Moiseenko L.S.>, Kovalzon V.M.’
'"IHNA RAS, Moscow, Russia

’IPEE RAS, Moscow, Russia

e-mail: paraslonicwgmail.com

Wakefulness-sleep cycle was studied in MPTP mouse model of
parkinsonism. A toxin of dopamine neurons MPTP was administrated
subcutaneously in doses of 12x2, 12x4 u 40x1 mg/kg. to black mice C57 with
preliminary implanted electrodes for cortical EEG and EMG. Digital polygraphic
recording was performed continuously within 24 hrs together with video
registration of behavior 1 day before, 7 and 14 days after toxin administration.
Otherwise control animal received administration of saline. Animals were in
individual chambers with a light/dark regimen 12/12, temperature 24-260 and
unrestricted availability of food and water. Significant decrease in total amount of
slow wave sleep by 25% during the dark period at the expense of the
correspondent increase in waking as compared to control animals and the baseline
amount of the same animals was found. This decrease became evident by the 7th
day and statistically significant by 14th day since MPTP injection.
Correspondently, moving activity increased during the dark period. The effect was
more pronounced after 4 injections than after two. Significant changes of
paradoxical sleep duration were not seen. During the light period no changes of
wakefulness-sleep cycle were seen. Morphological control revealed decrease in
amount of the tyrosine hydroxilase positive neurons in substantia nigra/pars
compacta 2 weeks after toxin administration by 33% with the dose of 12x2 mg/kg,
50% with the dose of 12x4 mg/kg and 80% with the dose of 40x1 mg/kg. No
changes were seen in ventral tegmentum and substantia nigra/pars reticulata.

Supported by RFBI grant No.13-04-00327a
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N3MEHEHUA CTPYKTYPbBI IUKJIA BOAPCTBOBAHHME-COH HA
MOPTII-MOJEJIN HAPKUHCOHU3MA Y MBIIIEU

Mamnonos A.H.I, Honzux B.B. I, Ykpaunueea 10.B." , lopoxoe B.b. I,
Mouceenko JI. C.Z, Kosanvson B.M.’

"MBH/TuH® PAH, Mockea

‘HITID PAH, Mockea, Poccus

e-mail: paraslonic@gmail.com

[IpoBeneno wu3ydeHwe mmkima OoapcTBoBaHue-coH Ha MODTII monmenu
napKuHCOHU3Ma y Mblmieil. TokcuH nodgamuHOBBIX HelpoHoB MOTII BBOAMIN
cucteMHo (11/k) B mo3ax 12x2, 12x4 u 40x1 mr/kr. Y uepHbIx Mbrmei quaun C57 ¢
NPEIBAPUTEILHO  BXKHUBJICHHBIMU  JJIEKTPOJAMU  MPOBOAWIA C  IOMOIIbIO
1M(pOBOro MOJIMCOMHOTpada KpyriocyTOUHYIO HeNpephrIBHYIO 3anuch D31, OMI
U TOBeJeHUs] (BUIECO) 3a CYTKH J0-, 4yepe3 | u 2 Hemenu Mocje BBEACHUS.
KOHTpOJIbHBIM  KUBOTHBIM BBOJIWIM (u3 p-p. JKUBOTHBIE HAXOAWIUCH B
MHIMBHYAIbHBIX KaMepax IIPH CBETOBOM pexume 12/12, Temmeparype 24-26°C u
HEOTPaHWYEHHOM JIOCTyTE K Bojie u nuie. OOHapyKEHO 3HAUUTENIbHOE CHUYKEHUE
CyMMapHOHM MPOAOKUTEIbHOCTH MEMJIEHHOTrOo cHa (Ha 25%) B TEMHBIM MEPHOJ
CYTOK 3a CU€T YBEJIMYEHHs OOJPCTBOBAHUS IO CPABHEHUIO C KOHTPOJIbHBIMU
KUBOTHBIMH M ()OHOBBIMH 3HAYEHUSMH Y TEX K€ CaMbIX J>XHUBOTHBIX. ITO
CHIDKEHHE OBLJIO 3aMETHO YK€ Ha 7-€ CYyTKU U JOCTUTaJ0 3HAYUMOCTH Ha 14 cyTku
nocine uHbeKIMM MODTIL.  CoOOTBETCTBEHHO, MNPOUCXOAWJIO  ITOBBIIICHUE
JIBUTATEIIbHOW aKTUBHOCTH B TEeMHBIM mnepuoi. Dddext Obu1 Oonee BBIpakeH
nocsue 4-x UHbEKIUN, YeM T0CIIe 2-X. 3HAUMMBbIX U3MEHEHUW TPOJOJIKUTEIIBHOCTH
OBICTPOrO CHAa HE OTMEYajoch. B cBeTNbI Mepuoj CYyTOK HUKAKUX WM3MEHEHUH
1KKJI1a 00JPCTBOBAHUE-COH HE HA0II01a710Ch. MOP(POKOHTPOJIb MOKA3aJl CHUKEHUE
TUPO3UH-TUAPOKCUIA3a-IIO3UTUBHBIX HEHPOHOB B KOMIIAKTHOM YacTH YEPHOU
cyOCTaHIIUU 4yepe3 2 HeJeau IOoCie BBEJICHHMS TOKCHHA - Ha 1/3 mpu moze 12x2
MI/KT, B 2 pa3a npu 03¢ 12x4 mr/kr u B 5 pa3 nipu no3e 40x1 mr/kr. U3meHnenwnii B
00J1aCTH BEHTPAJILHOMN MOKPBIIIKK U PETUKYJISIPHON YacTH YepHOUM CyOCTaHIIMU HE
Ha0JI01aI0Ch.

HccaenoBanue nogaep:xano rpantom PODU Nel3-04-00327a
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THE STUDY OF THE FUNCTIONAL STATE OF THE HUMAN BRAIN
DURING THE COMPUTER GAME

Nesterenko K.S., Burikov A.A.
Chair of General biology of the Southern Federal University
Rostov-on-don, Russia

Relevance. Gambling beckoming to mankind since the dawn of civilization.
In the remains of material culture of the ancient man, archeologists have found
objects used in gambling in Egypt far back as 3500 B.C. In the age of scientific
and technical progress of computer games have had a significant impact on society.

Lifestyle gamer is an alternation of work and rest, play and sleep.
Professional «gamers can play for a few days.

The purpose of work was studying the EEG of representatives of student's
environment in a computer game.

Tasks:

1 - to reveal the peculiarities of the functioning of the brain during a
computer game;

2 - identify possible irregularities in the electrical activity of the brain using
the methods polysomnography and electroencephalography.

Methods: Personal investigated by the method of three parameters: the time
spent on the passage of computer games, the time of maximal location for a
computer monitor without interruption for sleep, a number of sleepless nights
during the month.

The method of computer polysomnography, examined the representation of
the principal phases and rhythms of brain activity of students of different courses
and faculties of southern Federal University.

Results:

Empirically, a dramatic decline was observed sensitivity senses to external
stimuli, including: hearing, smell, touch, peripheral vision, also episodes of breath
subjects during immersion into the world of computer games.

There was an increase in brain activity on the EEG during his address to the
subject with questions (which are set on a raised), difficulties in solving
mathematical actions. Upon completion of the computer game gamer, could not
remember what questions were asked him researcher. Also gamers reported that
such memory lapses occur after each dive into the virtual world.

Continuous playing computer games is there a change EEG, in particular,
episodic, the appearance of generalized carotid spindles, as well as EEG rhythms
characteristic of paradoxical sleep, low-amplitude alpha-spindle and beta - EEG
waves accompanying rapid eye movement. Mukpocusl as MS and PS, which
possibly allows to do for a long time without a «normaly sleep during the game.
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NCCIEAOBAHUE ®YHKIIMOHAJIBHOI'O COCTOSHUA
T'OJIOBHOI'O MO3I'A YEJIOBEKA BO BPEMSI KOMIIbIOTEPHOI
HUI'PbI

Hecmepenxko K.C., bypukoe A.A.
Kagheopa ooweit ouonocuu FOsricnozo gheoepanvnozo ynusepcumema
Pocmoe-na-/[ony, Poccusa

AKTYAJbHOCTb. A3apTHbIE UTPbl MAHUJIN YEJIOBEUECTBO C CAMOTO MOMEHTA
3apOXKJIEHUsT UMBWIM3alMU. B ocTaTkax MaTepuasbHOW KyJIbTYpbl APEBHETO
YeJ0BeKa apXeoJOord HAaXOASAT MPEAMEThI, TPUMEHSBIIMECS B a3apTHBIX UIPaX B
Erunte 3a 3500 gmer 10 H.. B BeKk Hay4YHO-TEXHHYECKOIO Mporpecca
KOMITBIOTEPHBIE HWIPHl OKa3aJid CYIIECTBEHHOE BIUsSHUE Ha 00mecTBo.0O0pa3
KU3HU Teilmepa npeacTaBisieT co0oil uepeoBanue Tpyaa U OTJbIXa, UTPhI U CHA.
[TpodeccronanbHbie «reMepb» MOTYT UTPaTh B TEYCHUE HECKOJIBKUX CYTOK.

Ieab1o padoThl SBIAIOCH H3ydeHUe DI’ y mpeacTaBuTeNen CTy IeHIECKON
cpeabl BO BpeMsi KOMITBIOTEPHOW UTPHI.

3agaum:

1 — BBISIBUTH OCOOCHHOCTH (PYHKIIMOHUPOBAHUS TOJIOBHOI'O MO3Ta BO BpeMs
KOMIIBIOTEPHOW UTPBI;

2 — BBISIBUTh BO3MOXHBIE HApYUICHUS JJIEKTPUUYECKOW aKTUBHOCTH
rOJJOBHOTO MO3ra C  HCIOJb30BAHUEM METOJIOB  IMOJUCOMHOrpaduu U
anekTposHIedanorpapuu.

MeToabl: AHKETHbIM METOJIOM MCCJIEAOBAIM TpU MapaMeTpa: Bpems,
3aTpauuBaE€MOE€ Ha IMPOXOXKJIECHHE KOMIIBIOTEPHOW UIPbI, BPEMSI MAKCUMaJIbHOIO
HaXO0XJICHUS 32 MOHUTOPOM KOMIIbIOTEpa O€3 MepepbiBa HAa COH, KOJHUYECTBO
OECCOHHBIX ~ HOYEH B  TeyeHue  Mecsma. MeTogoM  KOMIIBIOTEPHOMH
MOJINCOMHOTpadUH, HMCCIEIOBAIHA TPEICTABICHHOCTh OCHOBHBIX (a3 W PUTMOB
aKTUBHOCTH T'OJIOBHOT'O MO3ra Y CTYJIEHTOB Pa3HbIX KypcoB U (pakynbTeToB HODY.

Pe3yabTaThl: DOMIUPUYECKUM IMyTEeM OBbUIO BBISBICHO PE3KOE CHIDKCHHUE
YyBCTBUTEJIILHOCTH OPraHOB YYBCTB K BHEIIHUM Da3Ipa)KUTEIsIM, B TOM YHUCIIE:
ciayxa, OOOHSIHUS, OcCsi3aHus, NepudEepUHOrO 3peHus, TaKkKe HaOII0aTUCh
ANU30/1bl 3aJCPKKU JIBIXaHUS MCIBITYEMBIX BO BpPEMs «IOTPYXKEHUS» B MHP
KOMITbIOTEpHBIX Urp. Habmroanoch MoBkIlIEHHE aKTUBHOCTH T'OJIOBHOI'O MO3ra Ha
D0l Bo Bpemsi oOpalieHusi K HCIBITYEMOMY C BoIlpocamu (3aJaBaeMbIX Ha
MOBBIIIEHHBIX TOHAX), 3aTPYAHECHHS IIPU PELIEHUU MaTeMaTuyecKkux aecteuid. 1o
3aBEpPUICHUU KOMIIBIOTEPHOM WIPhbl T€MEp HE MOI BCIOMHUTbH, KAKHE BOIPOCHI
ObUTH eMy 3aJaHbl uccienoBareneM. Takxke reimMepsl cooOIIany, 4To MoJ00HbIe
MPOBaJIbl B NAMATH CIYYaIOTCSI MOCIIE€ KaXA0T0 MOTPYKEHUS B BUPTYJIbHBIN MUP.

I[Ippu  npopomkuTeNbHOW  urpe  HaOmomaercss  u3MeHeHue OOl
AIUA30AUYECKOE TMOSBJICHUE T'E€HEPAIIM30BAHHBIX COHHBIX BEpeTeH, Takxke IO
PUTMOB, XapaKTEPHBIX IS NapajoKCaJbHOIO CHA, HU3KOAMIUIMTYJIHbIE alibda-
BepeTeHa W OeTta - BOJMIHBI DI, COmpoOBOXIaroNIUe OBICTPHIC JBMXKCHUS IJIas3.
Mukpocubl, kak MC wu IIC, BO3MOXHO, U TMO3BOJSIOT OOXOAMUTHCS
MPOJIOKUTEIBLHOE BpeMs 0€3 «HOPMAJIBHOT0» CHAa BO BPEMS UTPHI.
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DISORDERS OF SLEEP-WAKE CYCLE IN PATIENTS WITH
PARKINSON'S DISEASE

Nodel M.R. I, Moiseenko L.S.Z, Dolgikh V. V.3, Gavrilov V. V.3, Manolov A.I.3,
Ogorodnik V.S.?, Bukhgolts O.1.°, Ukraintseva Y.V.’

T FMSM U, Moscow

’IPEE RAS, Moscow

STHNA RAS, Moscow, Russia

e-mail: Ukraintseva@yandex.ru

Disorders of sleep-wake cycle may be listed among the clinically important
manifestations of PD. These appear often at preclinical stage of the disease.
Therefore, investigation of the sleep-wake cycle disorders as early marker of PD is
necessary to develop methods of preclinical diagnostics and the preventive therapy.

The aim of our study was to specify prevalence and peculiarities of sleep-
wake cycle disorders in patients with PD.

Materials and Methods: Sleep disturbances and daytime sleepiness were
studied in 186 patients with PD without dementia (stage 1-4). Questionnaires
UPDRS, PDSS, ESS were used.

Results: Sleep disturbances (difficulties with falling asleep, night-time
awakenings, nightmares) was found in 77.63% patients. Excessive daytime
sleepiness — in 62.31% patients. In 14% patients among initial symptoms PD was
observed insomnia, in 3.33% patients -excessive daytime sleepiness. Insomnia as
an initial symptom PD significant more frequently occurred in patients with
akinetic-rigid form of PD.

In 40% patients during sleep were found vocalizations and/or motor activity.
Patients with parasomnias were characterized by significant more late stages PD
and serious motor disturbances. In subjects with sudden "attacks" of sleep were
observed significant more serious stages of PD and motor symptoms too. Positive
correlation for daytime sleepiness and stage of PD was found.

Conclusions: Disorders of sleep-wake cycle were seen in most patient with
PD. Diagnostics of insomnia in early stages of PD is important as an potential
predictor of disease course. Excessive daytime sleepiness and parasomnias was
found to be associated with more serious stages and motor symptoms of PD.

Supported by RFH grant Ne 13-36-01041al
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HAPYHIIEHUSA CHA U BOAPCTBOBAHUSA Y TAIIMEHTOB
CBOJIE3HBIO ITAPKMHCOHA

Hooenv M.P. I, Mouceenxo JI. C.Z, Honzux B.B.3, TI'agpunos B.B.3,
Mawnonos A.H.’, Ozopoonuk B. c’, byxzonvy 0.1°, Ykpaunuesa I0.B.’
IHepebu? MI'MY um. U.M.Ceuenosa,

*HIIA3 um. A.H. Cesepyosa PAH,

3HBH,ZI u H® PAH, Mockea, Poccus

Hapymienus cHa u OOApCTBOBaHUS SBISIOTCS KIMHUYECKH 3HAYUMBIMU
npossieHusiMu Oone3nu Ilapkuncona (BII). B psae ciayyaeB oHUM BO3HUKAIOT €1e
Ha nonsuratensHoil (aze BII. M3yuenue HapymeHuil cHa u 60APCTBOBAHUS Kak
panHux MapkepoB bIl mepcrnekTmBHO ¢ moO3WmuM pa3pabOTKH MOAXOJOB K
CBOEBPEMEHHOM JIMarHOCTUKE 3a001€BaHU.

Leab: yrouHeHHEe paclipoOCTPAHEHHOCTH U OCOOCHHOCTEN HapyIIEHU CHA U
0o1pcTBOBaHUs y nanueHToB ¢ BII.

Marepuajibl 1 MeTOABI: UCCIEAOBAIIMCH HAPYIIEHUS] CHA U COHJIMBOCTD Y
186 ©6onpubix ¢ BII 6e3 gemennuu (craauul-4). Vcnosp3oBanuch IIKaJbl
VYIIOBII, PDSS, IIOCS.

PesyabTaThl: HapymeHuss CHa(TpyJHOCTH C 3acChIIAaHUEM, HOYHbBIE
npoOyKJIeHUs, HEMPUSITHBIC CHOBUICHHS U TIP.) BBIABICHBI ¥ 77.63 % mManueHTos,
n30bITOYHAS JHEBHAS COHIUBOCTh — Y 62.31% OGonbubIX. Y 14 % 060abHBIX cpenu
HayaiabHbIX cuMnTomMoB bBII ormeuanace uncomuus, y 3.33 % - u30bITOYHAs
COHJUBOCTh. MIHCOMHHS B KauecTBE HAYaJIbHOTO CHUMITOMa OCTOBEPHO 4alle
BCTpEYAJIacCh y MNAIllMEHTOB C AKUHETUKO-pUruaHoipopmoii bII.

Y 40 % OonbHBIX OOHAPYXKEHBI KIMHUYECKHE NPU3HAKK MapacoOMHUIL:
BOKAJIM3AIIMs W/WJIM IBUTATEIbHAS aKTUBHOCTH BO CHE. DTH MAIUEHTHI IOCTOBEPHO
oTIMYaNIHCh Oosee mo3aHuMU ctaausmu bII u Gonee TsHKETbIMU ABUTATEIIBHBIMU
HapyleHUsIMU. Y TMALUHUEeHTOB C MapOKCU3MAIbHOW (OPMOM COHJIMBOCTH (C
aTakaMHd CHA) Tak)Xe BBISBICHBI JIOCTOBEPHO Oosiee TsDKENble CTaauu |
nBuratenbHble cuMiToMbl BII. OTMedeHa 3HaunuMasi MOJIOKUTENIbHAS KOPPESIuUs
MEXKy 3HAYCHUSAMU THEBHOM COHJIMBOCTHU U ctaauen bIL.

BbiBoAbI: HapylIeHHS] CHA U O0OJPCTBOBAHMSI OTMEUAIOTCS y OOJBITMHCTBA
nanueHToB ¢ bIl. /luarHoctrka mHCOMHMH Ha paHHuX 3tanax bIl mepcnexkruBHa
HE TOJBKO C TO3WUIIMA PAHHEH JMArHOCTUKH, HO M KaK BO3MOXHBIA CIIOCOO
MPOTHO3UPOBAHUS  OCOOEHHOCTEW  mampHeidmiero TedeHus  (dopmbi)  BIL
N30piTOuHAass OHEBHAS COHJIMBOCTh M IAapacOMHUU AaCCOLMHUPOBAHBI C Ooiee
TSDKEIBIMHA CTAUSIMA U CTETICHBIO IBUTATEIbHBIX HAPYIICHUN 3a001eBaHU.

Hccnenosanue nognepsxano rpantom ¢ponga PIH®, npoexr Ne 13-36-01041al
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EFFECTS OF INTRANASAL HSP70 ADMINISTRATION ON SLEEP AND
WAKEFULNESS TEMPORAL CHARACTERISTICS IN RATS

Plaksina D.V., Ekimova LV.

I.M. Sechenov Institute of Evolutionary Physiology

and Biochemistry Russian Academy of Sciences, St Petersburg
e-mail: daf205@yandex.ru

Introduction: Heat shock proteins 70 kDa (Hsp70) are considered to be the
key elements of cell homeostasis. It was found that Hsp70 administration into
cerebrospinal fluid system of the rat brain induces an increase of “natural” non-
rapid eye movement (NREM) sleep and accelerates the recovery of the sleep-
awake cycle after exposure to stress factors(Pastukhov et al., 2010; Lapshina,
Ekimova, 2010). This research aims to assess the ability of intranasally delivered
recombinant Hsp70 to penetrate into the brain and have an influence on temporal
characteristics of sleep and wakefulness in rats.

Methods: Intranasal administration of the recombinant Hsp70 was
performed in male Wistar rats. The control animals received the solvent of Hsp70 -
phosphate-buffered saline. Continuous EEG, EMG and EOG recording was
performed using DSI device with 4ET telemetric module. Animals were placed in
soundproof chamber, food and water were available ad libitum. To investigate the
ability of the exogenously administered recombinant Hsp70 to penetrate into the
brain parenchyma the methods of immunohistochemistry and confocal microscopy
were applied; fluorescent dye-labeled Hsp70 and neuronal marker NeuN were used
in this study.

Results and discussion: 1t was found that intranasal administration of the
recombinant Hsp70 in rats increased the total time of NREM sleep by 21-24% and
decreased the total time of rapid-eye movement (REM) sleep in comparison with
control group of animals. The temporal characteristics of sleep changed with
latency period 4-6 hours. This somnogenic effect of intranasal administered Hsp70
lasted for 12-15 hours, with the increase in the amount of NREM sleep observed
both in the inactive (light) and in the active (dark) phase of the day. It was shown
that the somnogenic effect of intranasally delivered Hsp70 can be associated with
its ability to penetrate into the ventrolateral preoptic area sleep-active “centre”,
brain cortex and other structures which participate in the regulation and
maintainance of the sleep- awake cycle.

Supported by the Russian Foundation for Basic Research (Ne 11-04-01588)
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IODEKTBI UHTPAHA3AJIBHOI'O BBEJAEHUA
PEKOMBHUHAHTHOI'O HSP70 HA BPEMEHHBIE XAPAKTEPUCTUKHU
CHA U BOJAPCTBOBAHMUS Y KPBIC

Inakcuna /I.B., Exumoea U.B.
Hucmumym 36on0uyuonnoit pusuonozuu
u ouoxumuu um. U.M. Ceuenosa PAH,
Canxkm-Ilemepoype, Poccus

e-mail: daf205@yandex.ru

Beeoenue: benku cemeiictBa Heat shock proteins 70 kDa (Hsp70) siBnsitorces
KJIFOUEBBIMU JJIEMEHTAMH KJIETOYHOTO IOMEOCTa3ad. Y CTAHOBJIEHO, YTO BBEICHUE
Hsp70 B JHMKBOpHYIO CHCTEMY MO3ra KpbIC BBI3BIBAET  yBEIUYECHUE
«ECTECTBEHHOI'0» MEJIEHHOTO CHA M YCKOPSET MPOLECC BOCCTAHOBJIEHUS LIMKJIA
«COH-00JIPCTBOBaHUE» IOCIE BO3JAEHUCTBUS cTpeccOopHbIX ¢akTopoB [[lacTyxoB u
ap., 2010]. Ilenpro HACTOSIIETO MCCIEAOBAHUS  ABJSETCS  ONPEACIICHUE
crocoOHoCcTH pekomOuMHaHTHOro Hsp70, BBEIEHHOTO MHTpaHA3aJIbHO, MPOHUKATH
B MO3I UM OKa3blBaThb BJMSHHE HAa BpPEMEHHBIE XapaKTEPUCTUKH CHA U
00pCTBOBaHUS Y KPBHIC.

Memoowpr: OnbiTbl NPOBOAWINCH HAa caMlax Kpbic JUHUM Bucrap.
PexomOunantabii  Hsp70 BBoawiics wuHTpaHa3anbHO. KoHTpombHas rpymnma
KUBOTHBIX Mojydana pactBopurenb Hsp70 — docdartaeii 6ydep. C momormisio
ycraHoBku DSI ¢ Tenemerpuueckum moayinem 4ET mpoBoawiiach HempepbIBHAs
3amuce OO, OMI' u DOI' B TeueHue 24 yacoB. JKUBOTHBRIE HAaXOJWIHCH B
3BYKOHENPOHUIIAEMON Kamepe cO CBOOOJHBIM JOCTYNOM K efae u nume. s
UCCJIEeIOBaHUs cOCOOHOCTH pekoMOMHaHTHOro Hsp70 mpoHuKaTh B MapeHXUMY
MO3ra NPUMEHSUIMCh METOIbl HIMMYHOTMCTOXMMHUHU U KOH(POKAIBHONW MUKPOCKOIIUU
C HCHOJB30BaHMEM MeueHOoro (ayopecueHTHbIM KkpacuteneM Hsp70 wu
HEUpOHAIIBHOTO Mapkepa NeuN.

Pe3ynomamot  u  o6cysyucoenue: YCTAaHOBIEHO, 4YTO MHTPAaHA3aJIbHOE
BBe/leHHe pekoMOuMHaHTHOTO Hsp70 mpuBOAUT K yBEIMYEHHIO OOIIErO BpEMEHU
MeJIJIEHHOTO cHa Ha 21-24% u yMEHBIICHHIO OOIIEro BpeMeHU OBICTPOTO CHA IO
CPAaBHEHHUID C KOHTPOJIBHOM TPYyIIIOW KXUBOTHBIX. V3MeHeHue BPEMEHHBIX
XapakTepUCTHUK CHA MPOUCXOAUT C JIATEHTHbIM mnepuojgoM 4-6 4acos.
Comuorennbsiii 3¢p ekt pexkomOunantHoro Hsp70, BBemeHHOro HMHTpaHa3albHO,
qress  12-15 4gacoB, mpuyeM yBEIMYEHME KOJIMYECTBA MEIJICHHOTO CHA
MPOUCXOJUT KaK B HEAKTUBHOM (CBETJION), Tak M B aKTUBHOU (TeMHOM) (asze
CyTOK. BpbIicHeHO, uYTO coMHOreHHbld 3¢dekT pexkomOuHantHoro Hsp70,
BBEJICHHOTI'0 MHTPAaHA3aJIbHO, MOXKET OBITh CBSI3aH C €r0 CIOCOOHOCTHIO MPOHUKATH
B UEHTP» MEIJIEHHOI0 CHa — BEHTPOJATEPaJbHYIO MPEONTHYECKYI0 00JacTh, B
KOpY TOJIOBHOTO MO3ra W JAPYrHe€ CTPYKTYpbl, YYacTBYIOUIME B PEryJALHUU U
NOJIJIEP>KaHUM IIHKJIa COH-00/IPCTBOBAHUE.

Hccnenosanue nognepsxxano rpantom POOU Ne 11-04-01588
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FREQUENCY OF THE NIGHTMARES IN COMBAT AND NON-
COMBATPOST-TRAUMATIC STRESS DISORDERS

Pudikov LV.
Samara State Hospital for War Veterans, Samara, Russia
e-mail: pudys@yandex.ru

According to the international diagnostic systems (ICD-10, DSM-IV)
repetitive, emotionally intense anxiety dreams with threatening content
(nightmares) are one of the criteria for the diagnosis of post-traumatic stress
disorder (PTSD, category F43 ICD-10). Nightmares in patients with PTSD are
observed in 58-71% of cases.

It is believed that the option of PTSD caused by exposure to combat trauma
is different from a non-combat forms of PTSD by more severe symptoms and
profound disorders, especially more frequent nightmares. In order to compare the
structure of the psychopathology in combat and non-combat forms of PTSD and
frequency of nightmares we fixed dreams in 43 combat veterans with PTSD, held
in-patient treatment in the Samara State Hospital for War Veterans. Thereupon the
data were compared with similar results obtained among 62 civilians with PTSD
who have experienced trauma during the criminal attack (source [Krakow B., et al.,
Am J Psychiatry; 2001: 2043-2047]). In the group of combat veterans with PTSD
average number of nightmares per week (4 weeks of hospitalization) was 4,12 +
3.16, which exceeded the value of the nightmares in the literature (5.84 £ 5.68). A
similar relationship was observed and relative to the number of nights a week,
when the patient had nightmares (3.47 = 1.2 and 3.69 + 2.16, respectively). The
results are probably due to the longer history of the disease (time interval derived

from the time of the pathogenic effects) in some patients who have served in
Afghanistan, back in 1980-1989 years.

Supported by RFH grant 12-36-01155
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YACTOTA KOIIIMAPOB 1P BOEBOM U HEBOEBOM ®OPME
IMOCTTPABMATHYECKOI'O CTPECCOBOI'O PACCTPOUTBA

Ilyouxos U.B.

I'BY3 «Camapckuit 001acmHO KTUHUYECKUI 20CRUM AL 6EMEPAHOE8 BOUIH)),
Camapa, Poccusa

e-mail: pudys@yandex.ru

CornacHo MexAyHapoaHbIM guarHoctuyeckum cucremam (ICD-10, DSM-
IV) noBropsitomuecsi, 3MOLMOHAIBHO HACBIIICHHbIE CHOBHMJIEHUS TPEBOKHOIO,
YIPOXKAIOIIET0 CoAepKaHus (KOIIMaphl) SIBJISIOTCS OJJHUM U3 KPUTEPUEB JUArHO3a
noctTpaBMaTuueckoro crpeccooro paccrpoiictsa (IITCP, pybpuka F 43 MKbB-
10). Kommaps! y nanuentoB ¢ IITCP nabmonarores B 58-71% ciyuaes.

Cuuraercs, uro Bapuant I[ITCP, BbI3BaHHBIA BO3j€iiCTBUEM 00€BOM
NCUXWYECKOW TpaBMbl otiauuyaercss ot HeboeBot ¢opmer IITCP Gonee
BBIPQKEHHBIMUA CUMIITOMaMH W TJIyOOKMMH HapyIICHUSIMU, B YaCTHOCTH, OoJjiee
yacThiMH KomMapaMmu. C LEIbI0 COMOCTaBUTh MCUXONATOJOTHYECKYIO CTPYKTYPY
6oeBoit 1 HeOoeBoil opm ITTCP u yactoty KommapoB GUKCUPOBAIN CHOBUACHUS
y 43 BetepanoB 6oeBbIx neiictBuii ¢ [ITCP, mpoxonuBmmx crarimoHapHOE JICUCHHE
B CamapckoMm 00J1aCTHOM KJIMHUYECKOM TOCIUTal€ BETepaHOB BOWH. B
MOCJIEYIOIIEM CPaBHWIM TOJYYEHHbIE JaHHbIE C MOJOOHBIMH pe3yJbTaTaMH,
noydyeHHbIMU cpenu 62 rpaxkaanckux jaul ¢ [TTCP, ucnplTaBIKX MCUXUYECKYIO
TpaBMy IpU KpuMHHaJIbHOM HamaaeHuu (uctounuk [Krakow B., etal., 2001]). B
rpymnme BerepaHoB OoeBbix nectBuii ¢ IITCP cpemnee umcio kommapoB B
Henento (3a 4 Hen. npeObiBaHust B cranuoHape) coctaBwio 4.12+3.16, urto
IPEBOCXOAWIO 3HAUEHHE STOr0 IOKa3aTens, NPUBOAUMOE B JIUTEPAType
(5.84+5.68). [logoOHOE coOTHONIEHNE HAOIIOAANIOCH U 110 YHUCTY HOYEH B HEENIO,
KOTI'/Ia MalUeHTy CHUIKCH KomMapsl (3.47+1.2 u 3.69+2.16, COOTBETCTBEHHO).

[TonyyeHHble pe3ysiabTaThl, BO3MOXKHO, OOBSCHAIOTCS OoJiee UIMTENbHON
uctopueid 3a0oneBaHusi (MHTEPBAJIOM BPEMEHH, IMOJIYYEHHBIM C MOMEHTa
NATOTEHHOIO BO3JCUCTBUSI) y YACTU IMAlMEHTOB, MPOXOAMBIIMX CIYyX0y B
Adranucrane, emie B 1980-1989 r.r.

Pa6oTa nogaep:xkana rpantom PTH® 12-36-01155
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DAYTIME NAP AFTER MENTAL WORKLOAD STABILIZES
PSYCHOPHYSIOLOGICAL PARAMETERS

Puchkova A.N., Tkachenko O.N., Dorokhov V.B.

IHNA RAS, Moscow, Russia
e-mail: puchkovaan@gmail.com

Nowadays the problem of fatigue as a result of intensive cognitive work
with a computer is becoming more and more urgent. In our study we investigated
the specifics of influence of mental fatigue on working performance and subjects’
state and also the ability of a daytime nap to restore performance.

In the developed psychomotor test the subjects had to solve arithmetic
problems as quickly and accurately as possible and find the right answer. The
working performance and eye movement parameters were recorded. The task was
performed in two sessions separated by a rest period at 14:30-15:00. In the main
experiment subjects were sleeping in a soundproofed room, in the control
experiment they stayed awake. 16 subjects participated in the study.

Psychomotor test performed for 90 minutes caused the state if fatigue which
manifested in brief oscillations of working speed and average gaze fixation time.
These oscillations were then compensated and did not contribute to the overall
performance dynamic. Also fatigue resulted in lowered self reported well-being. In
the main experiment all the subjects fell asleep and have reached stage 2 sleep and
10 of them have reached stage 3 sleep.

The rest of any type resulted in self-reported rates returning to the initial
levels, but only sleep could keep them on the same level after the second working
session. Furthermore, in some subjects sleep had a stabilizing influence on
performance and fixation time oscillations during the second working session
lowering the oscillation intensity. Due to this we can cay that daytime nap is an
effective rest and performance recuperation strategy in mental fatigue.
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JTHEBHOWM COH IIOCJIE YMCTBEHHOM JIEATEJBbHOCTHU
CTABUWINBUPYET ICUXOPU3NOJOI'NMIYECKUE ITAPAMETPBI

Ilyukoea A.H., Tkauenxo O.H., /lopoxoeé B.b.
HUBH/[ u HD PAH, Mockea, Poccus
e-mail: puchkovaan@gmail.com

B Hacrosimiee BpeMs OCTPO CTOMT BOINPOC YTOMJIEHHS IPU WHTEHCHUBHOU
YMCTBEHHOH paboTe ¢ KommbloTepoM. B paboTe mpoBOAMIIOCH HCCIEIOBaHUE
cneuu(@UKU BIUSHUS YMCTBEHHOIO YTOMJIEHUSI Ha mapameTpbl paOoThl U
COCTOSIHME HCIIBITYEMbIX, @ TAKXE CIIOCOOHOCTH JHEBHOIO CHA MOCIE NepHoja
paboThl BOCCTaHABIMBATh PAOOTOCIIOCOOHOCTD.

B pa3paboTaHHOM NCUXOMOTPOHOM TECTE UCHBITYEMbIE AOJKHBI ObUIM Kak
MOXXHO ObICTpee W TOYHEE peniaTh apuPMETHUYECKHUe 3aJadyd W HaXOJHUTh
NpaBWIbHBIA BapuaHT oTBeTa. Ilpy 3TOM 3amMChHIBANIMCh NapaMETpbl HX
paboTOCTIOCOOHOCTH M IBMKEHUH ri1a3. PaboTa BEIIONHAIACH B XOJIE JIBYX CECCHIA,
pa3elIeHHBIX MEPEPhIBOM Ha OTIbIX, MpUxoAUBIIMMCS Ha nepuon 14:00 — 15:30.
B 0CHOBHOM 3KCIIEpUMEHTE UCIIBITYEMBIE CIIAJIM B 3BYKOU30JIMPOBAHHON Kamepe, B
KOHTPOJIbHOM — 00pcTBOBaM. B skcriepumenTe y4acTBoBajio 16 UCIBITyeMbIX.

BrinmosHeHHe NCHXOMOTOPHOrO TecTa B TedeHHe 90 MHUHYT NPHBOAWIO K
pPa3BUTHIO YTOMJICHMS, MPOSIBISBLIEIOCS B KPAaTKOBPEMEHHBIX KOJIEOAHMSIX
CKOpPOCTH pabOThl U CpPEeAHEro BpeMeHH (ukcauuu B3opa. Ilpu 3Tom konebanus
KOMIIEHCUPOBAJIMCh U HE OTPa)KalucCh B 0OIIEH JHHAMHUKE PabOTOCHOCOOHOCTH.
Takke yTOMIIGHHE TPOSABISUIOCH B  CHUKEHUU CYOBEKTHUBHBIX  OLIEHOK
CaMO4yBCTBHUS. B OCHOBHOM OIIBITE BCE UCIBITYEMbIE 3aChINAId U JOCTUTAIH 2
craauu cHa, a 10 u3 16 — 3 cragum cHa.

Otapix  a1000r0  THIMA MPUBOJAWI K  BOCCTAHOBJICHHIO  HMCXOJHBIX
CyOBEKTUBHBIX OLIEHOK, OJHAKO TOJILKO COH MOJJEP>KHUBAJl UX HA 3TOM YPOBHE B
xXolle BTOpou paboueit ceccun. [loMHMO 3TOro, y 4YacTu HCIHBITYEMBIX COH
OKasplBaJl ~ cTa0WwIM3Mpylollee  JIeHCTBUE  Ha  KoyiebaHHs — HapaMeTpoB
paboTOCTIOCOOHOCTH M (PUKCAlMii B30pa BO BTOPOM paboyeil CecCuu, YMEHbIIas
BBIPAKEHHOCTh KOJieOaHUil. B CBsI3W ¢ 3TUM MOXHO CKa3aTh, YTO JHEBHOW COH
SBJISIETCS s dexTuBHOU cTpareruen OTIbIXa | BOCCTaHOBJICHUS
paboTOCIIOCOOHOCTH MPU YMCTBEHHOM YTOMJICHHH.
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TWENTY-FOUR-HOUR BLOOD PRESSURE MONITORING IN
PATIENTS WITH ACROMEGALY AND SLEEP APNEA

Semenov A.P., Korostovtseva L.S., Vaulina D.A.,
Kravchenko S.0., Tsoy U.A., Sviryaev Yu.V.,

Zvartau N.E., Grineva E.N., Konradi A.O.

Almazov Federal Heart,

Blood and Endocrinology Centre, St Petersburg, Russia
e-mail: semenov010@gmail.com

Objective. To assess the parameters of 24-hour blood pressure (BP)
monitoring in acromegaly patients with and without obstructive sleep apnea
(OSA).

Design and methods. Twenty two patients (5 males and 17 females),
median age 54 (95% CI 45.4-57.2) years, body mass index (BMI) 28.9 (26.5-30.7)
kg/m®, with an active form of acromegaly lasting for 3.5 (95% CI 1.7-31.2) months
(since the diagnosis was verified) were enrolled. All patients underwent full
polysomnography (Embla N7000, MedCare, US), and 24-hour BP monitoring
(Watch BP, Microlife, Switzerland).

Results. Based on polysomnography study all patients were divided into 2
groups: 1% group included 9 females without sleep breathing disorders [median age
46 (27.8-64.2) years, BMI 26 (22.2-29.3) kg/m’, median acromegaly duration 4.5
(0.3-10.7) months and median apnea-hypopnea index (AHI) 2.7 (0.9-4.2)
episodes/h]. The second group included 13 patients with moderate-to-severe sleep
apnea [5 males and 8 females aged 54 (52.3-56.7) years, BMI 29.5 (28.0-32.7)
kg/m®, acromegaly duration 3.5 (1.2-30.2) months and median AHI 35.3 (18.7-
56.0) episodes/h].OSA patients had higher BMI (29.5 vs 26.0 kg/m®, p=0,02).
Mean 24-hour, day time and nighttime BP was normal and comparable in both
groups (p>0.05). Abnormal daily BP profile, defined as the absence (or decreased)
of nighttime decline of either systolic or diastolic BP, was found in 3 patients
without sleep disordered breathing and in 10 subjects with sleep apnea (y’=4.2;
p=0.041).

Conclusion. Impaired circadian BP profile is more frequent in patients with
acromegaly and sleep apnea. Although the difference might be due to the higher
BMI in these patients, still the possible association with sleep disordered breathing
is credible and needs further research.
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IHOKA3ATEJIN CYTOYHOI'O MOHUTOPUPOBAHUA
APTEPUAJIBHOI'O JIABJEHUS Y BOJbHBIX AKPOMEI'AJIMEN C
CUHAPOMOM OBCTPYKTHUBHOI'O AITHOJ BO CHE

Cemenos A.Il., Kopocmoeuesa JI.C., Bayauna /1. A., o Y.A.,
3eapmay H.J., Ceupses IO.B., I punesa E.H., Konpaou A.O.
DI'BY «Deodepanvhuiit Llenmp cepoua, Kposu u IHOOKPUHOI02UU
um. B.A. Armazoea» Munszopasea Poccuu, C-Ilemepoype, Poccusn
e-mail: semenov010@gmail.com

Heab ucceqoBanms - OLEHUTH MMOKA3AaTEIM CYTOYHOTO MOHUTOPUPOBAHUS
aptrepuanbHoro naiaeHusi (AJl) y OOJbHBIX akpoMerajaueil B 3aBUCHUMOCTH OT
HaJU4usl CUHIpoMa 00CTpykTUBHOTrO armHo? Bo cHe (COAC).

Marepuaansl m Meroabl. B uccienoBanue BkiIrodeHO 22 OoibHBIX (5
My 4UH U 17 *eHluH), cpegHuit Bo3pact 54 (45.4-57.2) roga, UMT 28.9 (26.5-
30.7) kr/M°, ¢ aKTHBHOH (HOPMOH AKPOMETAlMH, C JTHTEIBHOCTBIO aHAMHE3A C
MOMEHTa MocTaHoBKM auarno3a 3.5 (95% I 1.7-31.2) mecsua. Becem OonbHBIM
Obuta BBIMONMHEHA moHAs mnoiaucomHorpadus (EmblaN7000, MedCare, US),
cyrounoe mouutopupoBanue AJl (Watch BP, Microlife, Switzerland).

PesyabTatbl. [lo pe3ympraraM MOIMCOMHOTPAGUIECKOTO HCCIACAOBAHUS
Bce OoJibHBIE OBUIM pa3jielieHbl Ha JIBE TPYMIbI: MAlMEHThl ¢ akpoMeraiaued 0e3
HapyLIEHUH JbIXaHUA BO CHE — 9 EHIIUH, cpeaHui Bo3pact 46 (27.8-64.2) ner,
UMT 26 (22.2-29.3) kr/m’, anamuezoM axpomeranuu 4.5 (0.28-10.7) mecsia u
nHaeKcoM anHod/runonHod (MATY) 2.7 (0.9-4.2) siu3oaa B yac cHa. Y 13 O0IbHBIX
- 5 MyX4uH U 8 XeHIIMH [cpeaHuil Bo3pacT 54 (52.3-56.7) roga, UMT 29.5 (28-
32.7) KP/MZ, JUUTENbHOCTh akpomeranun 3.5 (1.2-30.2) mecsua] meamana MAT
coctaBuia 35.3 (18.7-56) snu3ona B 9ac CHa, 4YTO XapaKTEPHO IS TSKEIION
crenenu COAC. Tlanmentsl B rpynne COAC OTAMYaIMCh HECKOJIBKO OOJIBIITNM
UMT (29.5 mporuB 26.0 xr/m’, p=0.02). VYpOBeHb CpEIHECYTOUHOTO,
CpPEeIHEIHEBHOTO U cpeHeHOYHOro A/l ObUT B Ipenenax HOpMalbHBIX 3HAYEHUN U
comoctaBuM B o0eux rpymnmax (p>0.05), XOTs ¥ HECKOJBKO BHIIIC Y MAIUEHTOB C
COAC. OrcyrctBue cHuxkeHnss AJl HOYBIO, OINpenensieMoe KakK OTCYTCTBHUE
HOYHOTO CHIKEHHUSI WJIM MO CHUCTOJIMYECKOMY, WIM MO auacronndeckomy AJl,
OBLIIO BBISABJICHO Y 3 OOJBHBIX aKpoMeraivei 0e3 HapylIeHU AbIXaHUsl BO CHE U Y
10 marmentos ¢ COAC (y°=4.2; p=0.041).

3akmouenune. Takum oOpazoM, OosibHble akpomeraiueir c¢  COAC
XapaKTepu3oBaIUCh OoJjiee BhICOKMM 3Hauenuem MMT, u B 3TOH rpymme yaiie
PErUCTPUPOBANIOCh HapylleHue cyTrodyHoro mnpoduis AJl mpu comnocTtaBUMBIX
cpennux nokasarensax A/l
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PHYSIOLOGICAL AND BIOCHEMICAL CHANGES AT THE SLEEP
DEPRIVATION OF STUDENTS

Shustanova T.A.
Southern federal university, Rostov-on-Don, Russia
e-mail: t_shustanova@mail.ru

To development of the stress lead ecological disasters, extreme situations,
examinations at students, the busy schedule of day, the sleep deprivation. We
investigated influence of the deprivation of the sleep on health (a functional
condition) and adaptation of students by means of physiological and biochemical
methods. 10 students of faculty of natural sciences of the Southern federal
university participated in experiment at the age of 18-23 years. Deprivation was to
the current of one days without the sleep. We carried out questioning of students,
studied characteristics of the sleep, cardiovascular system, the central nervous
system. We defined activity of the catalase and the content of the hemoglobin in
the saliva of students. We established that many students have sleep violations; it is
a lot of night sleeps and poor quality of morning awakening. At the sleep
deprivation the frequency of warm reductions increases for 5.3% (p>0.05) and
level of the functional condition goes down for 19% (p<0.05). Visual and motor
reaction of students increases by 7.5% (p>0.05), the total number of mistakes on
light incentive increases for 60% (p<0.001). We found out that at the sleep
deprivation in the saliva activity of the catalase goes down for 49.7% (p<0.001),
the content of the hemoglobin increases for 47.6% (p<0.001). It is known that at
the moderate stress there is the inhibition of free radical processes, peroxidation of
lipids and activation of the antioxidant system of the organism. However at a long
tension increase of intensity of free radical processes and fall of antioxidant
protection of cages — superoxide dismutases and catalases is observed. Thus, we
established that at the daily deprivation of the sleep in the organism of students
attention level, working capacity, adaptation goes down and prooksidant-
antioxidant balance is displaced.
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OU3NOJIOI'MYECKHUE U BUOXUMHNYECKHUE UBMEHEHMUS ITPU
JAEITPUBAIIMU CHA Y CTYJAEHTOB

Illycmanosa T.A.

FOoicubtii ghedepanvhulit ynusepcumem,
Pocmoe-na-/[ony, Poccus

e-mail: t_shustanova@mail.ru

3HauUUTENbHBI O00BEM YYEOHBIX TIpPOrpamMM, ACPUIIUT BPEMEHU IS
YCBOCHHUSI OTPOMHOTO KOJIMYECTBAa MH(OpPMAINHU, XapaKTepHBIE NJIsi CTYJCHTOB B
COBPEMEHHOM JIMHAMUYHOM OOIIECTBE, BBICTYIMAIOT B KaueCTBE CTPECCOPOB U
NPUBOJAT K HEPBHBIM CpbIBaM M paccTpoiicTBam ananrtainuu. [IporpeccuBHbie
TEXHOJIOTUU TPENoJilaBaHus M y4eOHbIE HArpy3KHU BBI3BIBAIOT HEOJMHAKOBBIE IO
CUJIE M WHTEHCHUBHOCTH aJallTallMOHHBIC MPOIECCHl: OT OTCYTCTBUS BHJIMMBIX
CIBUTOB B COCTOSIHUM BEre€TaTUBHOTO roMeocTasa J0 pa3Butus crpecca. OcoOblii
WHTEpEC TMPEJCTaBISET HU3y4YCHHUE JCNPUBAIMM CHA Y CTYACHTOB, HMEIOIINX
HANPSDKEHHBI  PEKUM  JIHS, HEJOCHIIaHWE TMpU TMOJATOTOBKE K JK3aMEHaM,
NPUBOSIINE K Pa3BUTHIO cTpecca. Hamu uccienoBano BIMsHUE JIETIPUBALIUUA CHA
Ha (YHKIMOHAIHHOE COCTOSHHE W aJalTallMOHHBIE BO3MOXHOCTH CTYJCHTOB C
MOMOIIBI0 PUBUOTOTHIECKUX U OMOXUMHUYECKUX METOIOB.

B skcnepumente yuactBoBanmu 10 cTyaeHTOB (akynbTeTa €CTECTBO3HAHUS
Oxnoro (denepanpHOro yHHBepcuteTa B Bo3pacte 18-23 mer. JlenpuBarus
OCYILIECTBIISIACh B TEUCHHE OJIHMX CYTOK JIMIIIEHUS] CHA HaKaHyHe sk3aMeHa. Hamu
MPOBEJCHO AHKETUPOBAHUE CTYJACHTOB W H3YUYEHbl XapaKTEPUCTHKUA HX CHa,
CEpPIACYHO-COCYUCTON CHCTEMBI, LIEHTPAIBHON HEPBHOW CHCTEMBI. OmpeeseHbl
aKTUBHOCTh KaTaja3bl W COJIEp)KaHHE BHEIPUTPOLMTAPHOTO TEMOTJIOOMHA B
CJIIOHE.

Hamu ycTaHOBIIEHO, YTO MHOTHE CTYJACHThl HMEIOT HapYIICHUS CHA,
MHOTOYHMCJICHHbIE HOYHBIE CHOBHUICHUS M HHU3KOE KAueCTBO YTPEHHETO
npoOyxenusd. [Ipu genpuBaiyy cCHa 4acTOTa CEPACUYHBIX COKPAILIEHUN BO3pACTaET
Ha 5.3% (p> 0.05) u ypoBeHb PYHKIMOHAIBHOTO COCTOSIHUS MOHMX)aeTcs Ha 19%
(p < 0.05). 3purenbHO-MOTOpHAsT peaklMsi CTYJICHTOB yBeanuuBaeTcsa Ha 7.5%
(p>0.05), cymmapHoe uncio ommOOK Ha CBETOBOM cTuMyJ Bo3pactaeT Ha 60% (p
< 0.001). Hamu mnokazaHo, 4TO NpH JICIPUBALMA CHAa B CJIOHE CTYJEHTOB
aKTUBHOCTh Karana3bl noHuxkaerca Ha 49.7% (p< 0.001), a coaepxanue
BHE3PUTPOLIUTAPHOTO reMoriioonHa Bospacraet Ha 47.6% (p<0.001).

N3BecTHO, 4YTO MpPU YMEPEHHOM CTpecCe MPOUCXOJIUT HHTHOUPOBAHUE
CBOOOTHOPAIUKAIBHBIX ~ TIPOIIECCOB, TMEPEKUCHOTO OKWCICHHUS JIUMHIIOB U
aKTUBAIlMSI AHTUOKCHUJIAHTHOM CHCTEMbI opraHuzma. OJHako MpU JJIUTEILHOM
HaIpPsDKEHUW HAOJI0IAeTCsl MOBBIIICEHHE WHTEHCUBHOCTU CBOOOJIHOPAIUKAIBHBIX
NpOLIECCOB M TOHI)KEHUE  AHTUOKCUJIAHTHOM  3allUThl  KJIETOK  —
CYNEepOKCUITUCMYTa3bl U KaTanas3bl. TakuMm o0pa3oM, HAMU YCTAaHOBJIEHO, YTO MPHU
CyTOYHOM JleTIpUBallUM CHAa HaKaHyHE »JK3aME€Ha B OpraHu3Me CTYJIEHTOB
MOHI)KAETCSI YPOBEHb BHUMAaHHUA, pabOTOCMOCOOHOCTh, afamlTalis U CMEIIAeTCs
MPOOKCUJAHTHO-aHTUOKCUAHTHOE PABHOBECHE.
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DAYTIME HEART RATE VARIABILITY ANALYSIS IN PATIENTS
WITH DELAYED SLEEP PHASE DISORDER

Soca R. MD, Walsh P., Reid K. PhD, Zee Ph. MD, PhD
Northwestern University

Fainberg School of Medicine, Chicago USA

e-mail: rodolfo.soca@northwestern.edu

Introduction:

Delayed Sleep Phase Disorder (DSPD) is characterized by a chronic
inability to fall asleep and wake up at a desired “social time” with undisturbed late
sleep during vacations. Individuals with DSPD usually complain of increased
sleepiness, fatigue and inability to focus during the day, which is worse in the
morning. The origin of these subjective complaints is not well understood.

Methods:

We studied 7 DSPD volunteers and 7 healthy controls (50% Females) with
overnight polysmonography (PSG) and wake electroencephalogram (EEG) every
two hours. Heart rate variability (HRV) analysis was performed 2 hours (CT2) and
10 hours (CT10) after usual wake time. HRV was completed using two-lead
electrocardiogram signal for five minutes during the wake EEGs. R-wave detection
and HRV analysis were done automatically using the PRANA software suite with
visual verification. We used the mean heart frequency (HR), low frequency
absolute spectral power (0.04-0.15 Hz) (LFa), high frequency absolute spectral
power (0.15-0.4 Hz) (HFa), and LFa to HFa (LF/HF) ratio as measures of
autonomic activity.

Results:

Individual with DSPD had a significantly lower LF/HF ratio compared to
controls at CT2(2.84+ 2.11 ms® vs. 0.97 = 0.72 ms’, p=0.044). No statistically
significant difference was observed at CT10 (2.96 + 2.76 ms” vs. 1.77 + 1.73 ms’,
p= 0.35). No statistically significant difference was observed in HR, LF, or HF at
CT2 or CT10.

Conclusions:

Individuals with DSPD had a more parasympathetic LF/HF balance after
wake up compared to controls. This could explain some of the symptoms usually
associated with DSPD.
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GENDER DIFFERENCES AND ANXIETY IN CONCEPT OF SLEEP

Sysoeva Yu.Yu, Verbitsky E.V.

Institute of Arid Zones of Southern

Scientific Center RAS, Rostov-on-Don, Russia
e-mail: e verbitsky@ssc-ras.ru

It is a fact that men are more likely to suffer cardio-respiratory diseases in
sleep and women have higher risk of insomnia. It is establish that the majority of
patients with severe cases of insomnia are women with high levels of hospital
anxiety. It is clear anxiety close related with anxiety disorders and sleep
disturbances. But the gender differences in sleep organization in concept of
personal anxiety have been little studied.

Healthy 12 men and 8§ women with low level of personal anxiety, 20 men
and 20 women with high level of personal anxiety (aged 19-25 years) were
involved in the current study. The participants slept in their homes on one night at
their habitual sleep and wake times. The adaptation night was absent, so an extent
a first-night effect may have been represent among subjects. Night sleep was
recorded with a LEONARDO polygraph (Medizintechnik, Germany). Sleep was
analyzed according to standard criteria.

It was established statistically significant differences (t-test, p>0.05) for
quantitative sleep measures between subject groups means indicating that heighten
level of personal anxiety was associated with decrease sleep duration, increase
sleep onset latency, reduction delta-sleep. The more gender differences of sleep
architecture were found in individuals with high level of anxiety, notable women
had more time awake, more movements, longer REM latency, curtailed delta sleep
than men had. At individuals with low level of anxiety the more time awake was
found in women than men.

The results of this study demonstrated that sleep of women with high level
of anxiety is a more vulnerable compared to other subjects. It is mean that heighten
level of anxiety in women may increase risk sleep disorders.
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BIORADIOLOCATION METHOD OF SLEEP MONITORING

Tataraidze A.B.", Alekhin M.D.’,

Anishchenko L.N.I, Korostovtseva L.S.’

"Remote Sensing Laboratory,

Bauman Moscow State Technical University, Moscow
’Sleep Disorders Laboratory,

Almazov Federal Heart, Blood and Endocrinology
Centre, St Petersburg, Russia

e-mail: tataraidze@rslab.ru

One of the most challenging fields of biomedical engineering is the
development of device for long-term home vital signs monitoring. In particular,
monitoring of sleep disorders is of high interest.

Development of a contactless, automated analysis technology for monitoring
of human sleep is particularly important in specific cases such as insomnia or
depression. In this case a contact sensor could make a patient condition worse
because of falling asleep disorder presence. Contactless home sleep monitoring
could be used for a preclinical diagnosis, for monitoring of chronic diseases and
their prevention.

One of the most perspective noncontact methods is bioradiolocation (BRL).
BRL is a modern remote sensing technique allowing to perform noncontact vital
signs monitoring of living objects (even behind optically opaque obstacles) on the
base of analysis of specific biometric modulation in reflected radiolocation signal.
BRL allows recording data estimation of sleep disorders severity.

In this study both healthy and suffering from different nosologies subjects
undergo a parallel simultaneous investigation by means of BRL and
polysomnography. We developed the BRL-signal apnoe-hypopnoe detection
algorithm based on recorded signals analysis.

Results of this study showed that the usage of BRL-monitoring only allows
the automatic sleep phase classification (REM, non-REM and wakefulness).

The investigation was carried out at the Sleep Disorders Laboratory of
Almazov Federal Heart, Blood and Endocrinology Centre.
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BUOPAJIUOJIOKAIIMOHHBIA MOHUTOPUHI CHA

Tamapauosze A.B.I, Anéxun M,ZI.I,

Anuwenko JLH., Kopocmosuesa JI. c’

!TaGopamopus oucmanyuonnozo sonouposanus, MI'TY um. H.D. Baymana
ZJIaﬁopamopuﬂ Hapywienuil cna, OI'BY «®eoepanvustii Ilenmp cepoua,
Kposu u IH00Kpunono2uu um. B.A. Animazoea» Munzopasa Poccuu

e-mail: tataraidze@rslab.ru

Pa3paboTka yCTpOMCTB Il JJIMTEIHLHOIO JIOMAIIHETO HAOJIIOICHUS 3a
OCHOBHBIMHU KW3HCHHBIMHU [OKA3aTEISIMU SIBIISIETCS MEPCIHEKTUBHBIM M AKTHUBHO
Pa3BUBAIOIIMMCS HAIlPaBJICHHUEM MEIUUMUHCKON TeXHUKHU. OTAENbHBIM HHTEPEC
NPEACTABISIET MOHUTOPUHT HapylieHui cHa. [Ipu 3ToM co3ganue ycTpoicTBa s
HAOJIIOZICHUST 32 CHOM, HE TpeOyIolero HU YCTAaHOBKM JIaTYMKOB Ha TEJO
UCCJIeIyeMOTO, HA TIOCIEAYIONIeH paci(ppOBKH TaHHBIX BPayoM, MPECTABISET
ocoObiii  uHTepec. [lomoOHBIM TOAXOA MOMKET OKa3aThCs IIOJC3HBIM IS
MOHUTOPUHTA COCTOSIHHMSI JIIOJIEl C XPOHUYECKHUMH 3a00JIeBaHUSMHU, TPU
NPEAKIMHUYECKON JUAarHOCTUKE, JIS JIOMAIIIHETO HAOMIOACHUS 32 CHOM 3/I0POBBIX
JIOJIe ¢ LeNblo mpeaynpexaeHust 3aboneBanuil. Kpome Toro, 0€CKOHTAaKTHBIM
MOHUTOPUHT 4YpPE3BbIYAMHO BaXEH [JIs1 KOHTPOJsA SP(HEKTUBHOCTH JICUEHUS
OOJIbHBIX JIETIpECCHEel M WHCOMHHEH, TaK KaK y HUX OTMEUaeTcs HapyIlleHue
3aChIlIaHUsl W TMOJJCPXKKU CHA, a4 HAJIWYME KOHTAKTHBIX JIATYMKOB MOMKET
yCYTYOUTBb 3TO COCTOSTHUE.

OpnuM u3 HauOoJsiee MEePCIEeKTUBHBIX MOAXOAO0B JIJIsi CO3AaHUs MOJA00HOIO
ycTpoiictBa siBisiercst Ouopaauoinokarnusi (BPJI). BPJI — »to TexHomorus
JUCTAaHIIMOHHOTO 30HAMPOBAHMUS, TO3BOJIAIONIAS MPOBOJUTH OECKOHTAKTHBIN
MOHUTOPUHT COCTOSIHHSI UBBIX OOBEKTOB (B TOM 4YHCIE U 32 ONTHYECKU
HEMPO3PAaYHbIMU TMPEMATCTBUSMHU) MO pe3yJibTaTaM aHajdu3a crenuduueckon
OMOMETPUYECKON MOJYJAIMHA PAJAUOIOKAIMOHHOTO CHUTHANA, BO3HUKAIOMIEH B
pe3yibTaTe TEepeMeIeHUsT OpraHoB M yacTed Tenma 4yenoBeka. [lomoOHyro
MOJYJISIIMI BBI3BIBAIOT, B TOM YHCIIE, COKPAIICHUS CEPACYHOM MBIIIIIbI,
MOCTYIATENbHO-BO3BPATHBIE JBUKEHUS TPYIHOW KJIETKU MPU JbIXaHUH, JBUKCHUS
JpYyTUX OpraHoB M vacTe Ttena yenoBeka. Takum obOpaszoMm, BPJI mo3Bomsier
MOJIy4aTh JAHHBIE O YACTOTE JBIXAHUS U €70 HAPYILICHUSX.

Ha 06a3ze JlaGopatopuu Hapymenuit cHa ®PI'BY «Denepanbubiii LleHTp
cepaua, KpOBMU U DSHAOKpUHOJIOrMM UM. B.A. Alma3oBa» TPOBEICHBI
DKCIIEPUMEHTHl C MapajuleJIbHOM CHHXPOHHOW 3anucbto bPJI-curnama wu
MOJIMICOMHOTPAMMbl KaK MPAKTUYECKU 3/I0POBBIX JIIOJACH, TaK WU MAIMEHTOB C
Pa3JIMYHBIMUA HO30JIOTHUSIMH.

Ha ocHoBe coOpaHHBIX JaHHBIX pa3pabOTaH aJTOPUTM ABTOMATHYECKOTO
ONPENECIICHNUS] alHOd M TUIIONHOY 10 JaHHbIM bPJI-moHuTOpMHra, a Ttakxke
MOKa3aHa BO3MOXHOCThH ompeseneHus (a3l ObICTPOro cHa, (a3l MEIJIEHHOTO CHA
1 00pCTBOBaHUS Y JIt0/Iel O€3 HapyIIeHUS JIbIXaHUsI BO CHE.
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CHRONOTROPIC PARAMETERS FROM CARDIOPULMONARY
EXERCISE TESTING IN PATIENTS WITH SEVERE OBSTRUCTIVE
SLEEP APNEA - PRELIMINARY RESULTS

Terziyski K.V., Draganova A.L.,

Hristova A.S., Kostianev S.S.

Pathophysiology Dept., Medical University Plovdiv, Bulgaria
e-mail: adraganova@pathophysiology.info

Background: Chronotropic parameters from cardiopulmonary exercise
testing (CPET) have been proven to reflect autonomic dysfunction in various
patient groups.

Objectives: The aim of the study is to investigate the chronotropic
parameters from CPET in patients with severe obstructive sleep apnea and their
contribution to the restrained physical capacity.

Methods: To the present moment 9 patients with severe obstructive sleep
apnea (OSA) (age=43.9+5.6 years, body-mass index (BMI)=29.5+4.0 kg.m>,
apnea-hypopnea index (AHI)=71.9£1.6) without known pulmonary and cardiac
disease and 9 healthy controls, matched by age and body-mass index have been
recruited in the study. The subjects underwent laboratory polysomnography and
cardiopulmonary exercise testing on a bicycle by means of standard ramp protocol.

Results: OSA patients showed decreased physical capacity, compared to
controls (VO,/kg=21.9+4.9 vs. 28.0+2.7 mL.kg " .min"', p=0.04). Heart rate at rest
did not differ between the investigated groups. Heart rate response
(HRR=59.8+19.6 vs. 72.715.2 beatsmin') and chronotropic index
(CRI=0.65+0.15 vs. 0.73+0.10) were decreased in OSA group, but statistical
significance was not reached. Heart rate recovery was also slower in patients with
OSA. The decrease was most pronounced at 90 sec of recovery
(HRRec90=21.5+7.1 vs. 30.3+7.0 beats.min”', p=0.026). Heart rate recovery
between 60 and 120 seconds, reflecting predominantly sympathetic function,
correlated strongly and significantly with VO,/kg in patients group (rho=0.743,
p=0.035).

Conclusion: There is a trend to more pronounced chronotropic incompetence
in patients with severe obstructive sleep apnea than the one that may be explained
by overweight or obesity itself. Bigger studies are needed to elucidate the problem.
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PREVALENCE OF CENTRAL SLEEP APNEA/CHEYNNE-STOKES
RESPIRATION AMONG BULGARIAN MODERN-TREATED
AMBULATORY CHRONIC HEART FAILURE PATIENTS WITHOUT
MORBID OBESITY

Terziyski K. V. Draganova A.L', Hristova A.S.",

Ilchev I.Z, Aliman 0.A.3, Taralov Z.7. 1, Kostianev S.S.’
IPathophysiology Dept., Medical University Plovdiv, Bulgaria;
MHAT “Sv. Ivan Rilski ”, Plovdiv, Bulgaria;

SMHAT “Sv. Karidad ”, Plovdiv, Bulgaria

e-mail: kterziyski@pathophysiology.info

The prevalence of central sleep apnea/Cheynne-Stokes respiration
(CSA/CSR) in the era of beta-blockers and the need of active screening in patients
with chronic heart failure (CHF) is a matter of debate. No data are available for the
Bulgarian population.

The aim of the study is to analyze the prevalence of CSA/CSR among
ambulatory patients with CHF with up-to-date treatment and without morbid
obesity.

Methods: Thirty-one ambulatory patients with CHF and body mass
index<35 kg.m™ were recruited and subjected to full-night polysomnography. The
presence of sleep-disordered breathing (SDB) was based on apnea-hypopnea index
(AHI) — 5-15 — mild, 15-30 — moderate, >30 — severe. All patients received drug
treatment in concordance with the latest guidelines.

Results: The mean age was 67.2+8.2 years and the mean left ventricular
ejection fraction was 52.6+£9.7%. Among the 31 participants, 23 (74%) had SDB —
11 (35%) CSA/CSR, 7 (23%) obstructive sleep apnea and 5 (16%) mixed sleep
apnea. The presence of moderate or severe CSA/CSR was significantly associated
with cardiac rhythm abnormalities (atrial fibrillation or frequent ectopic beats) (OR
= 8.0, p = 0.038). Patients with CHF and CSA/CSR did not show excessive
daytime sleepiness, compared to those without SDB (Epworth score=8.1+4.0 vs.
7.6£2.3, NS, respectively).

Conclusion: CSR/CSA demonstrates very high prevalence in patients with
CHF without morbid obesity and excessive daytime sleepiness receiving up-to-date
drug treatment. The risk is even higher in the presence of cardiac rhythm
abnormalities. Those patients are subject to screening for SDB and consequent
therapy.
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INPEOBJIAJAHUME HEHTPAJIBHOI'O COHHOI'O AITHO3/ABIXAHUE
YENH-CTOYKCA CPEJIHM BOJTAPCKUX AMBYJATOPHBIX
HNAIIMEHTOB C XPOHUYECKOM CEPJEYHOM
HEJOCTATOYHOCTbBIO BE3 MTATOJOI'MYECKOI'O O’ KUPEHUAA,
MHOJYYAIOIIINX COBPEMEHHOE JIEHEHUE

Tep3uiicku K.B.I, Ipazanosa A.H.l, Xpucmoea A. C.I,

Hnuee H.Z, Anuman 0.H.3, Tapvaoe 3.3.1, Kocmanee C.C.!

"Kageopa Iamonozuueckoii puzuonozuu

Meouyunckozo ynusepcumema 2. Ilnoeousa, boazapusn;

’Knunuxa Kapouonozuu, MBAJI umenu ,,Ce. Heana Punwvckozo’,
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PacmipocTpan€HHOCTh CHHAPOMA IIEHTPATBHOIO COHHOTO AamHO?/IbIXaHHE
Yeitn-CToykca B 3pe 0Oera-0I0KepoB U HEOOXOJUMOCTh AKTUBHOTO KOHTPOJIA Y
NAIUEHTOB CTPAJAIOIIUX XPOHHYECKOM CEpACYHOM HEAOCTATOYHOCTBIO - 3TO
HACTOSIIIMK TIpeaMeT oOcyxaeHus. Ha Tekyimii MOMEHT He CyIIeCTBYET HUKAKOU
JOCTYITHON MHGOpPMAIIMK OTHOCUTENIBHO JaHHOM MpoOieMbl cpeau Ooarapckoin
MONYJISIIUY .

[lens uwccnenoBaHus: mpoaHaIM3upoBaTh pacnpoctpanéHHocts ICA/QUC
cpenu amOynartopHbix mamueHToB ¢ XCH mo kxypcy snedenus, y KOTOPHIX HET
IIaTOJIOTUYECKOTO OKUPECHUSL.

Metonbl:  bpuin  OpoOBEAEHBI  KIMHUYECKHWE  HCCIEAOBAaHHMS  HOYHOMU
noJIMCOMHOTpaduu y TpUALIATH OAHOTO marueHTa ¢ nokazanHo XCH u nngexkcom
Mmacchl Tena<35 kg.m-2. Hanuuune HapymenHoro aeixanus Bo Bpems cHa (HIBC)
0asupyeTcs Ha anHOX-TUnonHod uHjaekce (AXM) -5-15-cnadsiii, 15-30- cpennuid,
>30-ciibHbBIM. Bce manMeHThl MOJIy4aroT JICUEHUE B COOTBETCTBUU C CaMBIMHU
MNOCICAHUMU TalJIakH.

PesynbraTtel: CpeaHuii Bo3pacT manueHToB Obul 67,248,2 net, co cpeaHeit
dpakiueit BbIOpoca JieBOro xenynouka 52,6+£9,7%. Cpeau TpuauaTh OIHOTO
yuactHuka — 23 (74%) umenu HJABC, 11 (35%) —LICA, 7 (23%)-06cTpyKTHBHOE
COHHOE arHo?, u5 (16%) —cMemanHoe coHHoe anHod. [IpucyTcTBUE yMEPEHHOTO U
cuibHOoro I[CA ObU10O CUTHU(UKATUBHO aCCOLMHUPOBAHO C PaccTpoOiCTBaMU
cepaeuHoro putma (mpeacepaHas GUOPWIIAIMSA) WIM YacTble AKTONMUYECKUE
ymapel. (OR = 8.0, p = 0.038). [Mamuentst ¢ XCH u LICA/JUC nHe moxazanu
DKCUECCUBHYK) JIHEBHYK) COHJIMBOCTH B CPAaBHEHHUM C TEMH, Y KOTOPBIX
orcyrctByeT HIIBC (Epworthscore=8.1+4.0 vs. 7.6+2.3, NS).

LHCA/IYC mnpeobmamaer y marmuentoB ¢ XCH 06e3 maromorudeckoro
0XKUPEHHS U SKCLECCUBHOW JTHEBHOW COHJIMBOCTH, MOJYYAKOIIUX JEKAPCTBEHHYIO
Tepanuto. Puck HauOosiee BBICOK B HIPHUCYTCTBHM PAcCCTPOKCTBA CEPACUHOIO
putMma. JlaHHbIM nmanMeHTam  npoBoauTcs  cKpuHUHr i HJABC  w
MOCJIEAOBATEIBHON TEpANIUEM.
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PECULIARITIES OF SLEEP CHANGES UNDER RHYTHMIC COLD
EFFECTS MAYBE RELATEDTO SKIN TEMPERATURE CHANGES

Ventskovska 0.A."%, Shylo 0.V.’, Babiychuk G.0.

' Sleep Team Helsinki, Institute of Biomedicine /Physiology,
Biomedicum Helsinki, University of Helsinki, Finland

? Institute for problems of cryobiology

and cryomedicine NAS of Ukraine, Kharkiv, Ukraine
e-mail:elena.vens@gmail.com

Temperature changes of distal parts of the body and surface of the skin are
important factors of sleep initiation. It is believed that selective skin warming
contributes to rapid SWS onset due to activation of the temperature sensitive
neurons in the anterior preoptic hypothalamus which are involved in sleep
regulation.

Breedless white male rats were subjected to rhythmic cold effects (RCE)
during two days in the light period of the day: every hour animals were kept at -
12°C (RCE1) or +10°C (RCE2) during 15 min with the 45 min interval at 23°C (9
effects per day). Sleep was scored by generally accepted criteria in 4 sec intervals.
Skin temperature (Tsk) was measured from the back region of the animals each
time before and after every 15 min cooling using infrared thermometer.

DuringRCE]1 application after every cold effect Tsk dropped on 1-2° but by
the next effect returned back to the control level. After the RCE1 there was a PS
rebound during both light and dark periods of the day that probably associated with
particular PS sensitivity to cold and the need to restore the temperature
homeostasis.

UnderRCE2 the Tsk decreased insignificantly after every 15 min
temperature effect but to by next cold effect stabilized even on higher level which
generally exceeds the level of previous effect. Herewith there was SWS amount
increase after every 15 min effect (except the very first one) in the rest part of the
light period. The increase in Tsk promotes heat loss and associated with dilation of
the skin blood vessels in tonus regulation of which the important role belongs to
nitric oxide. NOx level was slightly increase after RCE1 but exceed the control
level twice after RCE2 that in turn may indirectly testify in favor of enhanced
dilation of the skin blood vessels in the course of RCE2.
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OCOBEHHOCTHU UBMEHEHUSA CHA ITPH PXB MOI'YT BbITH
CBA3AHBIC UBMEHEHUEM TEMIIEPATYPbI IOBEPXHOCTHU
KO’KH

Benukoeckan E.A.", ITuno A.B.%, baouiiuyk A’
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University of Helsinki, Finland

? Huemumym npoénem kpuobuonozuu
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e-mail: elena.vens@gmail.com

N3MeHeHne temrieparypbl AUCTAIBHBIX OTAECIOB TeJla U MMOBEPXHOCTH KOKH
SIBJISIFOTCSL BaXXHBIMU (DakTOpamMu MHULUANMU cHA. CUUTaeTcs,, YTO CEJICKTUBHBIM
HarpeB KOXM crnocoOcTByeT ObicTpomy Hadanry MBC 3a cder akrtuBanuu
TEIUIOYYBCTBUTEBHBIX HEUPOHOB B MEPEAHEM IMPEONTUYECKOM THUIIOTAIAMYCE,
KOTOPBIE BOBJIEKAIOTCS B PETYJISLIMIO CHA.

becnioponnbie  Oenble  KpbICHI  CaMIlbl  MOABEPrajuch PUTMHUYECKUM
X0J10n0BeIM Bo3elcTBUsIM (PXB) B TeueHue 2-X JHEHW B CBETJIOE BPEMS CYTOK:
®KUBOTHBIX BblaepxkuBanu npu -12°C (PXBI1) umu +10°C (PXB2) B Teuenue 15
MUH ¢ uUHTepBaJoM 45 muH npu temneparype 23°C (9 Bo3neilcTBUI B [ICHb).
CragupoBaHue CHAa MPOU3BOJWIOCH IO OOMICHPHUHITHIM KpUTEpPUSIM 10 4 ¢
uHTepBasiaM. Temmneparypy koxu (Tk) u3Mepsuin B paliOHE CIUHBI KUBOTHOTO
nepen W 1Mmocjie KakAoro 15-MUHYTHOTO OXJTaXIEHUS C MOMOIIbI0 IHU(POBOTO
UHPPAKPACHOTO TEPMOMETPA.

Bo Bpems PXB1 nocie kaxIoro xoiaomaoBoro BO3AEHCTBHUS TK CHMXKaIACh
Ha 1-2°, HO K CIeayrOIeMy BO3JICHCTBHIO BO3BpAIIaiach K MCXOJHOMY YPOBHIO.
ITocrne oxoHUaHMs XOJIOAOBBIX BO3ACUCTBHN oOTMedajiach «oTmada» IIC, kak B
CBETJIOE, TaK U B TEMHOE BpeMs CYTOK, 4YTO, BEPOSITHO, CBSI3aHO C 0COOOM
qyBCTBUTENBHOCTRIO [IC K BAMSHUIO OXJaXACHUS U  HEOOXOJAUMOCTHIO
BOCCTAHOBJICHUS TEMIIEPATYPHOTO TOMEOCTA3a.

[Ipu PXB2 Tk HE3HAYUTENBHO CHUKAJIACH MOCJE KXAOro 15 MUHYTHOIO
XO0JIOAOBOTO BO3AECHCTBHUS, HO K CIEAYIOLIEMY BO3JEHCTBUIO YCTAHABIMBAIACH YK€
Ha OoJyiee BBICOKOM YpOBHE (MPEBBIMIAIONIEM YPOBEHb IMEpea MPEAbLAYIUM
BozzeicTBUeM). [Ipu 3Tom ormeuanock yBenudeHue noiau MBC mocie kaxzoro
15-MuH XOJIOJJOBOTO BO3/IEMUCTBHS (32 HCKJIIOUCHHUEM II€PBOTO BO3ACHCTBHUA) B
OCTaBIIIEECs] CBETIIOC BpeMs CYTOK. Y BenmnueHrne Tk crmocoOCTByeT OTaave Teruia B
OKPYXAaIOUIyI0 Cpely W CBSI3aHO C AWISATALMENW COCYJOB KOXH, B PETYJSIIUAH
TOHYCa KOTOPBIX, BaKHAsI POJIb MPUHAJIEKUT OKCUIY a30Ta. Y POBEHb KOHEYHBIX
OKCHJIa a30Ta HE3HAYUTENIbHO Bo3pactan nocie PXB1l, Ho B 2 pa3a mpeBbimain
MCXOJHBIA YpoBeHb nociie PXB2, uto Tak:ke KOCBEHHO MOXET CBUJIETEIHCTBOBATH
B I10JIb3Y YCUJIEHHOM JUISATAllMM COCYI0B B xoae PXB2.
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EEG-PHENOMENA IN THE PROBLEM OF ASSESSMENT OF THE
INDIVIDUAL CHILD DEVELOPMENT

Voinov V.B.
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Processes of functional maturing of the central nervous system of the child
are discussed theme in present. The process of "acceleration" of a rhythmic
drawing of various cyclical processes in the living systems that realize in
wakefulness and sleep are one of the common features of ontogenesis. It is
obvious, that structural and functional specialization of systems components,
determining formation of a diversity of forms of organism reaction on external
actions, is development with aging. It is demonstrated in the common depression
of local- and distant synchronizations of oscillatory processes. The complex
temporal organization of regulator mechanisms of homeostasis realize not only as a
genetic program of grown and development but as a result of accumulation of life
experience. In the modern literature are noted 6-7 years are important age period in
child development. In this period is important for formation adult basic
wakefulness rhythm — alpha rhythm. The intensity, frequency, stability in time,
amplitude modulation of alpha rhythm are increased. In spite of the literature data
about stable knowledge of maturing EEG, the data on individual character of these
processes have showed too. It requires concretization of knowledge about
mechanisms that define relation age-related transformation from functional load
specificity and intensity. It is obvious that, the progress of mental sphere of
schoolchild as well as his physical development depends on his life-style, daily
activity and hygiene of a sleep. Neocortex and its frontal regions play important
role in problems of an assessment of the importance of signals decision-making in
uncertainty situations. For us is basic that the malfunction of this process reduces
children adaptability and become apparent in instability of volitional attention at
good level of thinking, impulsiveness, emotional and motor hyperactivity. Also
these processes affect negatively on processes of falling asleep and formation of a
natural cyclical changes of sleep depth.
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I3r-®EHOMEHBI B 3AJTAYAX OIIEHKA OCOBEHHOCTEMN
UHJIUBUIYAJBHOI'O PA3BUTUS JETEH

Boiuinoe B.b.

DI'bYH «Hncmumym Apuonvix 301

FOosicno20 nayunozo yenmpa PAH», Pocmoe-na-/[ony, Poccus
e-mail: voinov@ssc-ras.ru

[Iporecchl GyHKIIMOHANIBHOTO CO3PEBAHUs LIEHTPATLHOW HEPBHOM CUCTEMBI
peOeHKka SIBISIOTCS CEroAHA BechbMa O0CyxkaaemMod Temoi. OgHuUM H3 00IuX
IIPU3HAKOB OHTOTE€HE3A SBIAETCSA NMPOLECC «YyCKOPEHUsD) PUTMUYECKOTO PUCYHKA
Pa3JIMYHBIX HUKINYECKUX MPOLIECCOB B )KUBBIX CUCTEMAX, PEAIU3YIOIINXCA BO CHE
u B OoapcrtBoBaHuM. OYEBHUIHO, YTO C BO3PACTOM pACTET U CTPYKTypHas, U
(GyHKUMOHANbHAS CHEUUaIn3alrs KOMIIOHEHTOB CHCTEM, OINpEAesouas pocT
pa3zHooOpa3us (GopM pearupoBaHUsl OpraHM3Ma Ha BHEIIHUE BO3JEUCTBHUS, YTO U
HaXOAMT CBOE OTpa)XK€HHUE B OOLIEM CHI)KEHHUU JIOKAJIbHON, M JUCTAaHTHOU
CUHXPOHM3ALMK KoJjieOaTenpHbIX IpoueccoB. CloXkHAs BpEMEHHas OpraHu3anus
MEXaHU3MOB DETYJSIUU [apaMeTpOB BHYTPEHHEW CpENbl JKUBBIX CHCTEM HE
IIPOCTO peanu3yercss B Kad4eCTBE OJHOTO U3 KOMIIOHEHTOB TI'E€HETHMYECKUX
OporpaMM pocTa M pa3BUTUS — OH (QOpPMHUpYETCs, CO3pEeBAaeT B Ipolecce
HaKOIUICHUS OTJACIBHOM OCOOBIO <(OKM3HGHHOTO OmbITay. B coBpemMeHHOMU
JuTepaType  OTMEYaeTcss  BAXKHOCTb  BO3pacTHOro  mepuoma  6-7  Jer,
XapaKTEPU3YIOUIErocs  CTAHOBJIEHHMEM  OCHOBHOIO  pUTMa  OOJpPCTBOBAHUS
B3pPOCJIOr0 YeJI0BEKa — alb(a-puTMa: pacTeT ero BbIPa)KEHHOCTh, CTAOMIIBHOCTH BO
BPEMEHM, PACTET CPEAHSAS YAaCTOTa, B PsNE CIIy4aeB XapaKTEPHBIM IPU3HAKOM
CTaHOBUTCS (pOopMUpPOBaHHE AMIUIMTYIHON Moayisiuuu. HecMoTpst Ha TO, 4TO B
auTeparype chopMHUpOBAJICS yCTOMUMBBIA «00pa3» co3peBanus DI, Bce yaiie
HOSIBJIAIOTCS CBEIEHUS 00 MHIMBUYaJIbHOM XapaKTepe 3TUX IpoueccoB. Tpedyror
KOHKPETH3alluu IPEACTABICHUS O MEXaHU3Max, ONPEACIIOIINUX 3aBUCUMOCTh
BO3PACTHBIX NpeoOpa3oBaHUM LIEHTPAJIbHON HEPBHOM CUCTEME OT CHEUU(PUKUA U
MHTEHCUBHOCTU (DYHKLIMOHAJIBHBIX Harpy3oK. O4eBUIHO, U4TO, KaKk U (PU3NUYECKOE
pa3BUTHE, NPOrpecc ICUXUYECKOM cdepbl 3aBUCUT OT o00pa3a >KU3HH H
JEeSTeIbHOCTH CaMOr0 ILIKOJIbHHKA, B TOM 4YHCJE, OT BBIIIOJHEHUS TpeOOBaHUM
rurueHsl cHa. HeokopTekc, ero ¢poHTajbHbIE OTAENbl BCe B OOJbIIEH CTENEHU
HAYMHAIOT JIOMHUHHMPOBATH B 33Ja4ax OLEHKU 3HAYMMOCTH CUTHAJIOB, IPHUHITHUSA
peuIeHusl B CUTYyalHsX HEOINPEAEICHHOCTH, B CUCTEME PETYJSALMU TOHYCa KOPBI.
JIns Hac sABHIAETCS NPHUHIUIMAIBHBIM, 4YTO HApyLIEHHWE JTHUX IPOLECCOB
CYILIECTBEHHO CHMXKAET aJaNTAllMOHHYIO TUIACTUYHOCTh PEOCHKA, U MPOSBIISETCA B
dbopMe  HEKOTOPOTrO  YCTOMYMBOIO  KOMIUIEKCA  MOBEAEHYECKUX  (opm:
HEYCTOMYMBOCTh ITPOU3BOJBHOIO BHUMAHHUS IPU XOPOLIEM YPOBHE MBILUIEHUS,
MMITYJIbCUBHOCTb, 3MOLIMOHAIbHAS W JBUraTelbHAas I'MIEPAKTUBHOCTb. B CBOMO
ouepeab ITU IPOLECCHl HETAaTHMBHO CKa3bIBAKOTCS HAa IIPOLIECCAaX 3achlIaHUs U
(opMUpPOBaHUs 3aKOHOMEPHOMN KapTUHbI LIUKINYECKUX U3MEHEHUN TITyOUHBI CHA.
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EFFECTS OF ANTICIPATION OF SIGNIFICANT EVENTS ON HUMAN
SLEEP DURING SIMULATION OF INTERPLANET FLIGHT

Zavalko I.M. 1, Rasskazova E.I.2’3, Kovrov G.V.?

! Institute for Biomedical Problems, RAS

’Sechenov First Moscow State Medical University, Moscow
’Lomonosov Moscow State University, Moscow, Russia
e-mail: ilrus@mail.ru

Almost everybody experienced sleep problems in the eve of a significant
event like an examination, business appointment. In contrary, previous studies did
not show clear sleep during night, preceding an exam or a parachute jump.

We studied night sleep during ground modeling of an interplanetary manned
flight “Mars-520”, which included significant events such as Mars landing
simulation.

Night polysomnography of 6 healthy men was recorded before, 4 times
during (6 weeks after the onset, 2 weeks before “Mars landing”, 2 weeks after the
landing part of the experiment and 6 weeks before the end) and after the end of the
520-days isolation. Scoring was performed among the standard criteria. We
compared the sleep parameters (after transformation to normal distribution)
between the periods of the experiment by repeated measure ANOVA. If ANOVA
demonstrated significant difference (p<0.05), we performed pairwise comparison
by Tukey's test. Additionally, we analyzed distribution of nights with low sleep
efficiency in the periods by proportion test. Cutoff for sleep efficiency was 25%
quartile.

Frequency of nights with low sleep efficiency augment on the eve of the
important for the crew events: landing simulation and the end of the isolation. Two
weeks after Mars landing frequency of nights with low efficiency significantly
decreased. Sleep efficiency decreased, sleep latency prolonged and delta-sleep
latency shortened, especially 1,5 months before the end of the isolation

Thus, anticipation of significant event during long-term isolation might be a
cause of sleep disturbances in healthy men.

Supported by a grant RFH project Ne 110601052a
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BJIMSHUE OKUJAHWs 3HAYNMBIX COBBITHIA HA COH
YEJIOBEKA B YCJIOBUAX MOAEJINPOBAHUA MEXIIJIAHETHOI'O
IHOJIETA

3aeanxo U.M. 1, Pacckazosa E.H.Z’3, Koepos I.B.’
"Hucemumym meouxo-6uonozuueckux npoonem PAH, Mockea
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[TpakTHueckn Kax/blil YETOBEK HCIBITHIBAT MPOOJIEMBbl CO CHOM HaKaHyHe
BaXXHOI'O COOBITHSI: 3K3aMe€Ha, JIeJI0BOM BCTpeud U T.A. OJHAKO B NMPOBEIECHHBIX
paHee SKCIIEpUMEHTax HE BBISBIECHO YETKOIO YXYJAIIEHHWS HOYHOIO CHA B HOYb,
IPEALIECTBYIONIYIO AK3aMEHY HJIM NIPBIKKY C NapaIIIOTOM.

N3yyeHue CTpyKTypbl HOYHOI'O CHA MPOBOAWIOCH B PAMKAaxX JKCIIEPUMEHTA
110 HA36MHOMY MOJEIMPOBAHUIO MEKILJIAHETHOTO MUJIOTHUPYEMOTo nojieta «Mapce-
520», BKJIIOYAIOLIEIO B CBOIO CTPYKTYpY 3HAuUMble COOBITHS, TaKUE Kak
cumyJsiis Bbicagku Ha Mapc. [lonucomuorpaduueckas perucrpauus HOYHOTO
CHA LIECTH 3JI0POBBIX MY>KUMH MPOBOJMJIACH O Haudaja, 4 yeTbipe pasza (uepe3 6
HEJIeb MOCJE Havyana M30JsLUM, 3a JBE HEIeNn 10 Hayana «BbICaAKh Ha Mapcy,
yepe3 JABE HENENU IOCIE OKOHYaHUs MAPCHAHCKOW YacTU JKCIEPUMEHTa U 3a 6
HEJIEIb A0 OKOHYAHMS M30JSILMM) U 1ocie 3aBepuieHus 520-cyTouHON U30ISLUH.
Pacnm@poBka 3amuceili M BBICUMTBIBAHME IAPaMETPOB  CTPYKTYpbl CHa
IIPOBOJMJIOCH COIVIACHO CTaHJAApPTHBIM KputepusM. sl cpaBHeHME mokasaresen
(mocne npuUBEACHUS HX PACHPEIECICHUS K HOPMaJIbHOMY) MEXIYy NEepHOAaMu
sKkcrnepuMeHTa ucnodibzoBaici ANOVA s NOBTOPHBIX HW3MEPEHUN, MpHU
BBISIBJICHMU 3HAYuMMbIX pasznuuuil (p<0.05) npoBoamioch MomapHOE CpaBHEHUE
tectoM Thloku. CpaBHEHHME KOJIMYECTBA HOYEHM € HUBKOM U BBICOKOM
2h(HEKTUBHOCTRIO CHA (TpPaHWYHBIN TOKazaTenb — 25% KBapTWIb) MEXKIY
NePUOJaMHU IKCIIEPUMEHTA MTPOBOJIUIIOCH C TOMOIIBIO TECT MPONOPLIUNA.

Yactora Houeil ¢ HHU3KOM 3 dekTuBHOCTHIO cHa 3Hauumo (p<0.05, tect
IPOIOPIMII) HapacTaida B NPEIIBEPUU BaXKHBIX ISl «KOCMOHABTOB» COOBITUH,
TaKuX KaK CUMYJSIUs BbIXoJa Ha Mapc W OKOHYaHHWe u3osauuu. Yepes aBe
HEJIEM TOCJIE 3aBEPLICHUS «BbICAIKH HA Mapc» OTMEUYEHO CHUKEHHUE KOJIUYECTBA
HOuel ¢ HU3KOU 3(PPeKTUBHOCTH CHA. 3a 1.5 mMecsla 10 OKOHYaHMSI IKCIIEPUMEHTA
BBISIBJICHO CHIDKEHUE 3()(PEKTUBHOCTH CHA, YIJIMHEHHE JAaTeHLUUH KO CHY U
YKOPOYEHUE JIATEHIIMH K JIEJIbTa-CHY.

Taxum 00pa3zom, OXKHUAaHUE BAXKHOTO COOBITHUS MPHU JIUTEIHHON H30JSAIUU
MOJKET SIBJIATHCS (PAKTOPOM, MPUBOIAIINM K CHIPKEHHUIO KauyecTBa CHA.

Pabora nognep:xana rpantom PTH® Ne 110601052a
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