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JEKLIMU U TOKJAJIBI

LECTURES AND PAPERS

WHY CAN SLEEP PROVOKE A CARDIOVASCVULAR RISK?

Fietze 1., Penzel T.

Center of Sleep Medicine,

Charité — Universititsmedizin Berlin,
Dept. of Cardiology, Berlin, Germany

Summary

Until now we assume that we need 6 hours of sleep, the so-called core sleep, for mental
and physical restoration for the next day. Population based studies confirmed, that less than 6
hours of sleep does increase cardiovascular mortality. Which actual disorder is then the reason
for mortality is still not clear. In women, elevated blood pressure seems to be the most important
factor. Elevated blood pressure is found more often in a case of short sleep duration compared to
normal sleep duration. Too long sleep duration increases mortality too. This may be caused or
modified by underlying sleep disordered breathing. This topic has not been investigated in the
studies reviewed. The role of sleep quality, number of arousals, and other sleep architecture
characteristics remains open too. Nevertheless, the increased risk in patients with short sleep
duration cannot be set equal to the increased risk for all patients with chronic insomnia. Even if
this comparison may be possible, the increased cardiovascular risk in patients with sleep
disordered breathing is well established today. Arterial hypertension, stroke, cardiac arrhythmias
(e.g. atrial fibrillation), heart failure, coronary heart disease, diabetes mellitus, and
arteriosclerosis are some of the disorders which are caused by sleep apnea or aggravated by sleep
apnea. The main reason for these symptoms is the disturbed sympathovagal balance (LF/HF
ratio) and the recurrent intermittent hypoxia events during sleep. Therefore it is very important to
diagnose and treat sleep apnea at an early stage of the disease. For all other sleep disorders a
cardiovascular risk has not been proven. Only an indirect proof via too short sleep may be given.
Indeed until now we do not know whether the restless legs or PLM syndrome or sleep wake
thythm disorders present a relevant cardiovascular risk. The diagnostic gold standard is
cardiorespiratory polysomnography. New non-invasive recording methods combined with
prospective interventional population-based long-term studies can help us to demonstrate on a
large scale that a sufficiently long and qualitatively good sleep is indeed protective for the
cardiovascular system.

During the last 100 years we have lost about two hours of sleep duration.
This is due to industrialization of society and the new developed 24-hour-society in
industrial countries. This 24-hour-society leads to the tendency to minimize sleep
or even to eliminate sleep if there is a need for prolonged wakefulness. So the
question remains, how much sleep is needed to remain healthy. On the other side
raises the question how short can sleep be to get a cardiovascular risk in addition to
becoming sleepy or to report a subjective non-restorative sleep.



Until now the literature leads to the assumption that we need 6 hours of
sleep, the so called core sleep (defined by J. Horne 1989) and some optional sleep
to be mentally and physically restored the next day (Horne 2010). There are few
data about this essential topic. There are some aging studies about core sleep and
optional sleep (Wauquier 1992). Population based studies even confirmed that less
than 6 hours of sleep does increase cardiovascular morbidity and mortality (Kripke
2002, 2010, Eguchi 2008). Kripke et al. (2010) found significant more survivors
sleeping between 300 and 390 minutes than 160 to 300 or 390 to 502 minutes at
night in a population with a mean age of 67.6 years.

Which actual disorder is then the reason for mortality is not clear until now.
In women elevated blood pressure seems to be most important (Cappucio 2007,
Stranges, 2010); it may be also in men (Vgontzas 2009) and even in adolescents
(Javaheri 2008), but not in elderly (van den Berg 2007). On the other site, Amagai
et al (2010) found an increased cardiovascular risk (stroke and myocardial
infarction) just in men and not in women in the Jichi Medical School Cohort
Study, and Eguchi et al. (2010) reported recently an increased risk of stroke in
elderly hypertensives with short sleep duration. Diabetes mellitus and obesity are
other important underlying diseases (Chao 2010). What are the possible underlying
mechanisms for the altered cardiovascular risk in short or poor sleepers? There are
some different mechanisms known which may be involved like calcification of
arteries (King 2008, Abe 2011), elevated triglyceride (Kaneita, 2008),
hyperglycemia or diabetes mellitus (van Cauter 2008; Chao, 2010) or elevated
sympathetic nervous tone (Morgan 1995).

Among women, both short and long sleep durations are associated with a
high serum triglyceride level or a low HDL cholesterol level (Kaneita et al. 2008).
Katano et al. (2011) report about a relationship between sleep duration and
metabolic syndrome and found an independent association between sleep duration
and the following items 1) high blood pressure; 2) dyslipidemia; 3) impaired
glucose tolerance; and 4) overweight.

Long sleep duration also increases mortality (Kripke 2002, 2010). This may
be caused or modified by underlying sleep disordered breathing because this had
not been investigated in the studies reviewed. This also may be the explanation for
the relationship between sleep and body weight and Diabetes (Tuomiletho 2009).

The role of sleep quality, number of arousals, and other sleep architecture
characteristics in this respect remains open. Therefore the increased risk in patients
with short sleep duration cannot be set equal to the increased risk for all patients
with a chronic insomnia even if this comparison may be possible to be drawn.

The increased cardiovascular risk in patients with sleep disordered breathing
is well established today. Arterial hypertension, stroke, cardiac arrhythmias (e.g.,
atrial fibrillation), heart failure, coronary heart disease, diabetes mellitus, and
arteriosclerosis are some of the disorders which are caused by sleep apnea or are
aggravated by sleep apnea (McNicholas 2007, Somers 2008). The reason for this is
especially the nocturnally disturbed sympathovagal balance and the recurrent
nocturnal intermittent hypoxia events leading to chronic inflammation and related
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vessel consequences. Therefore it is very important to diagnose and treat sleep
apnea at an early stage of the disease. In order to obtain a full and valid diagnosis
the standard method is cardiorespiratory polysomnography (Iber 2007). The
cardiorespiratory  polysomnography recordings include three leads of
electroencephalogram (EEG), two leads of electrooculogram (EOQG),
electromyogram (EMGQG) of the submental muscle and two m. tibialis leads,
respiratory oronasal airflow by means of thermosensors and nasal pressure sensors,
respiratory effort of thorax and abdomen by means of inductive plethysmography,
one lead of electrocardiogram (ECG), and continuous blood pressure curve with
the Portapres device. EEG, EOG, and EMG are used to score the sleep into
different sleep stages according to the guidelines of Rechtschaffen and Kales
which had been revised in 2007 by the American Academy of Sleep Medicine.

For all other sleep disorders the cardiovascular risk has not been proven.
Only an indirect proof via too short sleep may be given. Indeed until now we do
not know whether the restless legs or PLM syndrome or sleep wake rhythm
disorders present a relevant cardiovascular risk. Pennestri et al. (2007) reported
about periodic leg movement-related repetitive nocturnal blood pressure
fluctuations that could contribute to the risk of cardiovascular diseases in patients
with restless legs syndrome, especially in the elderly. More studies are needed to
confirm this relationship also with regard to the restless legs syndrome without
periodic leg movements.

New non-invasive recording methods will help us to characterize the
cardiovascular risk in patients with sleep disorders more widely and easier. One
example for this is the peripheral arterial tonometry introduced by P. Lavie (Lavie
2000). The ambulatory four to six channel polygraphy will give an indication
about possible sleep disordered breathing (Collop 2007). The non-invasive blood
pressure measurement with the Portapres” device and ABPM or 24hour ECG will
give a direct indication about a cardiovascular risk. Indirect parameters are the
calculated heart rate variability or baroreceptor sensitivity (Penzel 2007, Peter
2011,), the pulse transit time and the pulse wave analysis are indirect parameters
derived from the ECG, blood pressure measurement and pulsoximetry. From ECG
we can derive heart rate variability measures such as the high frequency and the
low frequency component in the frequency spectrum. This indicates activation of
the sympathetic and parasympathetic system. The very low frequency component
indicates the presence of sleep disordered breathing. In addition to these frequency
domain parameters, also time domain parameters can be derived. This is the
electrocardiographic derived respiration (EDR). The electrocardiographic derived
respiration reflects changes in R-wave amplitude of the ECG. The pulse wave can
be evaluated to extract pulse wave time and based on this blood pressure may be
derived. These parameters can be detected even by one channel screening devices.
Therefore it 1s possible to do a risk screening in patients with any kind of sleep
disorder in order to strengthen the therapeutic decision and in order to make an
effective treatment control. In order to establish a good sequence of diagnosis and
treatment and follow up, a good management for sleep medicine must be
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established. This is partially achieved in Europe and definitely can be improved
(Fietze, Sleep Med. 2011).

Once such ambulatory monitoring combined with prospective interventional

population-based long-term studies can help us to demonstrate that a sufficiently
long and qualitatively good sleep is indeed protective for the cardiovascular
system.
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OVERVIEW ON CLINICS, PATHOLOGY, DIAGNOSIS, DIFFERENTIAL-
DIAGNOSIS AND TREATMENT OF RBD

Hogl B.

Schlaflabor und Spezialambulanz fiir Schlafstorungen
Univ.-Klinik fiir Neurologie

Innsbruck, Austria

According to the International Classification of Sleep Disorders (ICSD-2)
REM sleep behavior disorder (RBD) is diagnosed based on polysomnography plus
sleep history or video recording of sleep. The criteria of RBD include REM sleep
without atonia in the EMG (excessive tonic or phasic muscle activity in the
submental and/or extremity muscles), a history or a PSG video documentation of
abnormal sleep behaviors which are (potentially) injurious or sleep disruptive. The
patient’s history or the video need to show disruptive sleep behaviors, (potentially)
violent behaviors or excessive jerking. It is impossible to to make a definite
diagnoses of RBD without polysomnography. Differential diagnosis include both
night-time hallucinations, or nonREM parasomnias. Here, PSG is needed to
cinfirm that the patient is asleep and the behaviors come out of REM-sleep. The
differential diagnosis also includes severe sleep apnea syndromes, which can go
along with vocalizations and abnormal movements at the end of apneas. Other
motor disturbences of sleep such as periodic limb movements and epilepsy can be
clearly distinguished from RBD, too. It should be noted, that history alone is
insufficient to make a definite diagnoses of RBD. In addition, patients with RBD
often need to be questioned very specifically about their symptoms, and will not
mention them to their doctor when questioned about insomnia, snoring or
daytimesleepiness alone (Frauscher et al, 2010). Advanced methods for
quantification of muscle activity during REM sleep are currently in development
by several groups, e.g. the SINBAR group (Iranzo, Frauscher et al, 2011).

Classically a distinction has been made between idiopathic RBD and
symptomatic RBD associated to other diseases, e.g. synucleinopathies as
Parkinson’s disease, Multiple System Atrophy or dementia with Lewy-bodies.
Other possible causes for symptomatic RBD are narcolepsy, antidepressive
medication, other neurodegenerative disorders, and other diseases such as alcohol
withdrawal syndromes, and many others more.

The concept of idiopathic RBD has been questioned recently. It has been
shown that patients with idiopathic RBD have abnormal EEG slowing to the
wakefulness, reduced visuaspatial construction abilities, subtle motor
impairments,and have hyperechogenic aerials in the midbrain, abnormal olfactory
function and minimal cognitive impairment more often than patients without RBD.
This has supported the concept that RBD is a disorder not only occuring during
REM sleep, but involving widespread brain functions . RBD has also a prognostic
significance: Schenck and coworkers have shown that 38% of patients with
formally idiopathic RBD in the course of subsequent years develop a parkinsonian
syndrome, and this number even ncreased over the subsequent years. Similar data
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have been reported from Spain and from Canada. Therefore, the current view is
that 1diopathic RBD often represents an early sign of an evolving
neurodegenerative disease.

Up to now, treatment of RBD is symptomatic only. No prospective large
double-blind controlled trials have been performed for treatment of RBD.
Nevertheless, the efficacy of low doses of clonacepam to reduce violent behaviors
has been well established and reported in large case series. An alternative treatment
is melatonin, which has been reported to be effective, although often in
combination with clonacepam, plus recently in a very small double-blind trial.
Other medications are controversial. Recent reports have described novel non-drug
interventions for RBD (Schenck et al, JCSM in press). In the future, once
neuroprotective treatments become available to prevent neurodegeneration,
patients with idiopathic RBD will be good candidates to receive this treatment due
to their high risk to develop neurodegenerative disease.
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Introduction

Sleep curtailment is now a common behavior in our western society. Indeed,
a significant proportion of men and women are chronically sleep deprived due to
extended working hours, shift work and/or social activities. The potential long
term consequences of this lack of sleep are, at the present time, unknown. In
addition to cognitive dysfunction, sleep loss seems to induce alterations in the
metabolic, endocrine, immune and inflammatory systems with potential clinical
and public-health impacts. The evidence that sleep loss may be associated with
detrimental health effects is related to epidemiological surveys and to well-
controlled sleep laboratory studies.

Epidemiological surveys indicate that short sleep duration has been found to
be associated with a higher risk of obesity, diabetes and hypertension.
Furthermore, night and shift workers, a population that is suffering from chronic
sleep loss, are at increased risk of diabetes, obesity and cardiovascular disease.

Well controlled sleep laboratory experiments have investigated the effects of
total and/or partial sleep deprivation on alertness, performance, metabolism,
neuroendocrine, immune and inflammatory systems in healthy volunteers. (1,2,3,4)

Effects of experimental total sleep deprivation (TSD) on immune
function

In animal studies, prolonged total SD led to death in rats due to opportunist
infections, probably related to related immuno-depression. TSD experiments
performed in healthy subjects were found to alter several immunological markers.
Indeed, components involved in the early host responses to infection, such as some
leukocyte populations, i.e., monocytes, lymphocytes and neutrophils, are affected
by TSD. In an early study, Palmblad et al (1976) (5) showed in a small sample of 8
healthy women, that in vifro-stimulated lymphocytes had an enhanced ability to
produce interferons and that neutrophils had a reduced ability to phagocytosis. A
second investigation by the same group in 12 healthy young men showed a
reduction in blood lymphocyte DNA synthesis in vitro, an effect that persisted for
5 days. (6) Another study, evidenced that leukocytosis appeared after 64 h of total
SD in young men and women together with a significant progressive increase in
neutrophil and monocyte levels and natural killer (NK) activity. In addition, after
the first night of recovery sleep, the levels of all these leukocyte subsets remained
significantly higher than at baseline.(7)

Effects of experimental sleep restriction (SR)
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Sleep restriction experiments are closer than total SD to the real life
situations and are thus more indicative on the deleterious consequences of sleep
loss. Laboratory studies of SR allow the effects of lack of sleep to be investigated
under well-controlled conditions (caloric intake, continuous electroencephalogram
monitoring) but one a relative short period of time. The effects of acute SR were
examined in healthy young men subjected to one night of sleep restricted to 2 h
followed by a night of 8 h of recovery sleep. An increase in peripheral blood
leukocytes, mainly explained by a higher level of neutrophils, was measured the
morning after the SR night. After the recovery night, leukocyte and neutrophil
counts did not normalize.(8) However, if a short midday nap was allowed after the
restricted night or if the recovery night was extended to 10 hours, a return to
baseline values was observed (8). In healthy young men, allowed four hours of
sleep (between 1 a.m. and 5 a.m.) for three consecutive nights, an increased in
neutrophil counts the morning after the 3" night of SR was also evidenced (9). The
same SR study performed in postmenopausal women resulted in an increase in
leukocyte counts with a rise in neutrophil and monocyte subsets the morning after
the 3" night of SR. (10)

Potential physiological pathways involved in the immune effects of sleep
restriction

The mechanisms involved in the immune response to sleep loss are not
exactly defined at the present time. However several hypotheses are now proposed.
The increase in leukocyte counts could be secondary to autonomic activation and
to the possible action of cortisol and catecholamine, which release is inhibited
during early sleep (11). The immunomodulatory properties of melatonin could also
be involved in this immune response to sleep loss (12).
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REM (rapid eye movement) sleep or paradoxical sleep (PS) remains a
mysterious state with unusual phenomenology, unknown functions and biological
significance. Nobody has suggested a good explanation as to why mammals and
birds spend a portion of time, on a regular basis, in a state where the brain is highly
activated while being atonic, and thereby maximally vulnerable to predation (due
to elevated arousal thresholds) and being at a risk of developing a heart disorder
(due to cardiac arrhythmias). How do mammals and birds benefit from being in
this state and why cannot this state be substituted by slow wave sleep or waking?
PS has been documented in all studied terrestrial mammals and birds but it does
not always occur while exhibiting all the “classical features” of this state, that are
EEG desynchronization, reduced muscle tone, rapid eye movements, and muscle
jerks. When animals (mice, rats, cats, seals) are deprived of PS they display a
rebound. At the same time humans taking certain drugs which suppress REM sleep
do not appear to experience any serious problems in their everyday life. There are
no convincing data on the presence of PS in dolphins. Some semi-aquatic
mammals (e.g., pinnipeds) are capable of substantially reducing or even
eliminating PS for a few weeks at a time while in water. Several hypotheses have
been suggested to explain the function(s) of PS. Recent studies have made
substantial progress in revealing the mechanisms and neurochemistry underlying
PS, indicating that almost all known neurotransmitters might be involved in PS
phenomenology. However, the specific roles of each neurotransmitter are still
unknown.
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Bomnpoc o BuTanbHO#M (€auHOI) 111 BCEX MKUBOTHBIX (DYHKIIMU CHA JO CHUX
MOp ocTaercst OTKPBIThIM. [Ipu 3TOM amanTUBHOE 3HAYEHHUE CHA BPSJ JIM JOJKHO
BBI3BIBATH Y KOro-1u00O CcOoMHEeHHE. B mpoTUBHOM ciiyyae, OHOJIOTHYECKOE
3HAYCHHE CHA, KaK U caM (PaKT €ro BO3HUKHOBEHHS B HBOJIOLHMHU XUBOTHBIX U
NTHUll, ObUTN ObI COBEPIIEHHO HE MOHATHBL. HO B ueM MOXKET COCTOSITh aanTUBHAs
dbyuknus mapagokcanpbHoro cHa (IIC, “ObicTporo cHa”, ‘“‘CHa C OBICTPHIMHU
nBwxkeHusMu riaz” wian “PEM  cHa”) - mnoBefeHUs, XapaKTepHU3YIOIIETOCs
BBICOKUM ypPOBHEM aKTUBAllUM U, CIEJ0OBaTeIbHO, MeTaboau3mMa MO3ra,
OJTHOBPEMEHHO C BBICOKMMHU MOpOraMu HpOoOYXKACHUS, TIIYOOKUM MOJaBICHUEM
MBIIIEYHOTO TOHYCA, HApPYIIEHUEM TEPMOPETyJSLNU, a TaKXKe apUTMUEH
CEpJICUHOM JESITECIbHOCTH U AbIXaHUs ?

B “tunnunom” ciyyae 11C y MiuekonuTammux 1 4€JI0BEKA COPOBOKIACTCS
aToHued  (mageHueM  TOHyca  CKEJETHOM  MYyCKydaTypbl),  OBICTpBIMU
B3/J[paruBaHUsIMU rias, MOJAEPrUBAHUSAMU CKEJIETHOM MYCKYyJIaTypBhl,
HEPETYJSPHBIM AbIXaHUEM U myJsibcoM. JlenpuBanus [1C y Ha3eMHBIX )KUBOTHBIX U
JIOJIEN COMMPOBOKIAETCS HAPACTAHUEM MTOBTOPSIOIIMNXCS NMONBITOK 3acHYTh 11IC, a 'y
KPBIC MOXET MPUBOIAUTH K JIETATbHOMY UCXOAY. JTH JAHHBIC JAlOT BCE OCHOBAHUSA
nonaratb, 4to [IC XKU3HEHHO HEOOXOIUMOE COCTOsIHUE, 0€3 KOTOPOro >KMBOTHBIE
HE CHOCOOHBI CyIIecTBOBaTh. OJHAKO HU3BECTHO, YTO HEKOTOpBIE Mpenaparthbl
(HampuMmep, AaHTUACNPECCaHThl), Ha3HAuYaeMble JIOASM TI0  MEAMIIMHCKUM
MOKAa3aHUsAM W BbI3bIBAIOLIME 3HA4YuTeNbHOE cokpamieHue [IC, He mpuBOmsAT K
KaKUM-JTIMOO CYIIECTBEHHBIM HapylIeHUsIM TOoBeJAeHUs. M3BECTHO HECKOJIBKO
CIy4aeB, KOrJa JIIOJW B PE3YyJbTAaT€ YEPEIMHO-MO3IOBBIX TPAaBM ITPAKTUYECKU
nonHocThio yrpaunBaiu [IC. IIpu 3TOM B X NMOBENEHUH HE OTMEYAJIOCh KAKHUX-
nu00 OTKJIOHEHUH OT HOpMbl. boiiee TOro, pazHbie BUABI KUBOTHBIX MEPEHOCST
nenpuBanuio  [IC  mo-pazHomy, mnocnencrBusa JenpuBauuu  [IC  3aBucaAT OT
METOJAWKH MPOBEACHUS ACIPUBALIMU, a TTocie juiieHus kuBoTHHIX [IC “ormava”
(KOMITIEHCATOPHOE YBEJIIMYEHHE MPOAOIKUTEIBHOCTH), KaK MPaBUIO, TPOUCXOAUT
B TEYEHHWE JIOCTATOYHO KOPOTKOTrO HHTEpPBaja BPEMEHU H© NPUPOCT HE
komneHcupyet Toro aeguuurta [1C, KOTOphIil J0KEH ObLT CO34aThCA B TEUCHUE
repuojia AenpuBanuu. Beerga cunranock, 4To OMH U3 riaBHbIX npusHakoB [IC y
moaen — cHoBuaeHus. Ho B Hacrtosimiee BpeMsi H3BECTHO, YTO CHOBUACHUS

17


mailto:oilyamin@yahoo.com

BO3HUKAIOT HE TOJIbKO BO Bpemsi [IC, HO u BO BpeMsi MeJIEHHOBOJIHOBOTO CHA.
Hakonen, cHoBujeHusi, Ho He Apyrue npusHaku [IC, ucdezawT y drojed npu
MOPaXKEHUU HEKOTOPBIX OTAEIOB KOPbI TOJIOBHOTO MO3ra.

[IC con peructpupyercsi y BC€X HA3eMHBIX MIEKOMHUTAIOIIUX, NTHUIl U,
BO3MOXKHO, Y HEKOTOPBIX MPECMBIKAIOIMMXCS (Hampumep, kpokoauios). Ho naxe
HE y BCEX HA3¢MHBIX MIIEKOIIUTAIONIMX OH MPOTEKAET B “KIACCUYECKOM  BHUIE. Y
HEKOTOPBIX )KUBOTHBIX, a TaKkKe Y OOJBIIMHCTBA MTUIl HE HAOIIOAAETCS 3aMETHBIX
M3MEHEHUM MBIIIEYHOT0 TOHYCA MpPH MEPEX0/Ie OT MEIJICHHOBOJIHOBOM CTaJlUU CHA
K napajokcanbHoil. B3nparuBanust Bo Bpems IIC moryT ObITh penkuMu (gamaH)
WIKM OTCYyTCTBOBaTh BooOme (lamantuH). [IC y nTUil BO MHOTHX Cilyyasx
MPOTEKAET B BUAE KOPOTKHUX AMHU30JI0B, U BBIICIUTH 3Ty a3y CHa HE Bcerjaa
OOBEKTUBHO MPOCTO. AKTUBAIMS KOPBI TOJOBHOTO Mo3ra (rmo mpusHaky 99I) —
OJIMH M3 KIIIOYEBBIX U omnpeenstomux npuzHakoB [IC — Takke He COMPOBOKAACT
ATy CTaAMI0 CHa Yy Hauboliee TPUMHUTUBHBIX MPEACTAaBUTENICH KIIACCOB
MJIEKOMUTAIONMUX (€XUAHA) U NTHI] (CTPAYC).

I1C ogHO3HAYHO OTCYTCTBYET Y KUTOOOpA3HBIX B TOM Kiaccuyeckout hopme,
B KAaKOM OH PErUCTPUPYETCS Y HA3EMHBIX MIEKOMUTAIOMUX. XapaKTepHbIC
MBIIICYHbIE B3JparuBaHus (OJWHOYHBIE U CEpUilHBIE), a HHOrAA OBICTpPbIC
JBIKCHHSI TJIa3 M HPEKUUH Y CaMIOB, JEHWCTBUTEIBHO, PETHUCTPUPYIOTCS Y
KUTOOOpa3HbIX Ha (POHE COCTOSAHUS, KOTOPOE MO MOBEICHYECKUM IMpU3HAKAM
COOTBETCTBYIOT CHY. (OJHako, Kak I[IOKa3ajdud CIHEUUAJIbHbIE HCCIEIOBaHMUS,
BBITIOJTHEHHBIE HA CBOOOJHO-TIEPEABUTAIOMINXCS J>KMBOTHBIX C MPUMEHEHUEM
MOPTATUBHBIX LU(PPOBBIX PEKOPAEPOB (J1aTa JOTTEPOB), 3HAYUTEIbHAS YaCTh ITUX
noBesieHueckux npusHakoB [IC mpuxoauTcst Ha COCTOSIHUE MEJJICHHOBOJIHOBOTO
CHA U CIOKOWHOro OojapcTtBoBaHus. Teopernuecku He uckiIoueHo, yto [IC y
KUTOOOPA3HBIX MPOTEKAET B BUJIE€ KOPOTKUX SMU30J0B JITUTEILHOCTHIO HECKOJIBKO
CEKYH/ Tak e, Kak U y nruil. Ho naxxe B 3TOM ciiyyae cymmapHasi JJIMTEIbHOCTh
I[IC y xuTo0Opa3HbIX [OJKHA OBITh 3HAYUTENBHO MEHbIIE, YeM Yy BcCeX
MCCIIEIOBAHHBIX HA HACTOSIIEE BPEMsI MIIEKOIIUTAIOIIUX.

Mopckue KOTUKHM (TOJYBOJHBIE >KMBOTHBIE W3 TPYIIIBl JIACTOHOTHX),
KOTOpbIE CHST U Ha CylIE, U B BOJIe, MOTYT cokpamiath koiudectBo IIC B Boge B
necaTkh pas. Tak, Bo BpeMs cHa Ha cyme KoamuecTBo [IC y KOTUKOB HaXOAUTCS B
npejenax HOpMaJIbHBIX Bapualldii MO CPAaBHEHUIO C HA3€MHBIMHU KUBOTHBIMH U
cocraBisieT 4-7% oT BpeMeHu cyTok. Onu3oael 1IC mpu 3TOM MOTYT IIHATHCA
oonee 10 munyt. Ho BO Bpemsi cHa B Boje kohuyectBo IIC y HUX pe3ko
COKpallaeTcsi BIUIOTh O TOJIHOTO OTCYTCTBUSI 3TOM (pa3bl CHA Ha MPOTSKEHUU
HECKOJIbKMX JHell. B mocneayroumuil mepuoa BpeMEHU MpeObIBaHUS B BOJC
npoaomkuTenbHOCTh [IC mocTeneHHO yBeNIWYMBAaEeTCS, HO B IIEJIOM OCTaeTCs
CYIIECTBEHHO HWXKE, UYEM BO BpPEMsI CHA Ha cylle. 3HaunTenbHOoe cokpamenue [1C
y KOTUKOB B BOJI€ HE COMPOBOXKIAETCS KAKUMU-TUOO 3aMETHBIMU U3MEHEHUSIMU B
MOBEJICHUH KUBOTHBIX. [locie Bo3BpalleHHs] Ha Cylly MPEBBINICHHE KOJIMYECTBA
[1C Han KOHTpONBHBIMU (POHOBBIMU) 3HAUEHUAMHU MOXKeT cocTaBiATh 100%, HO
ATO MPOJOJKAETCS B TEUEHUE KOPOTKOrO IMEPHOJIa BPEMEHU U, KOHEYHO, HE
nokpeiBaer Bech gedurut [IC, co3paBumuiics (HAKOIUIEHHBINM) 3a TMEPUOJ
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npeObiBanusa B Boje. [IponomkurensHocts [IC B Boje y HACTOSIIMX TIOJEHEU U
MOp>Kell (MOTYyBOAHBIX MJIEKOMUTAIOUIUX U3 TPYIIIHI JIACTOHOTUX) TAKXKE MEHBIIIE,
YeM Ha Cylle, XOTsA pa3nuuusi (B HECKOJbKO pa3) MO CPAaBHEHUIO C KOTHUKaMU
BBIPAKEHBI 3HAYMUTEILHO MEHbIIIE. Y TroJieHeW U Mopskel I1C B Boje MpoTekaeT BO
BpEeMSI MPOJOJKUTEIBHBIX aAlHO03, YacTO JJIMTEIBHOCTHIO B HECKOJIIBKO MUHYT.
Taxkum oOpa3om, BOJAHBIN U MONYBOJHBIA 00pa3 JKU3HU, a TaK:Ke HEOOXOIUMOCTh
CIlaTh B BOJE HAKJIAJbIBAIOT OTPAHUYEHHUS HA MPOTEKaHUE U BbIpaxkeHHOCTH [IC y
MJICKOTTUTAIOIIHX.

Onna u3 HamnOosee MOMYJSIPHBIX TOYEK 3pEHHUS COCTOUT B TOM, 4To [IC
HEOOXOaUM MJisi KOHcoiujauuu namsatu. Kak yke TOBOPUIIOCh, HEKOTOpbIC
MEIUIMHCKAE Tpenaparbl, KOTOPbIE JIOJW NPUHAMAIOT TOJaMH, BBI3bIBAIOT
3HAYUTENbHOE COKpameHue koimdectBa IIC, HO mpu 3TOM HE NOPUBOIAT K
yXyalmieHuo namaTtu. Jpyras nonyisipHass rumnore3a mnpeanonaraer, 4ro 1IC
HEOOXOMUM [JIsi CTUMYJISIIMM MO3ra. JTa TUIOTe3a HE OOBSCHSET, KaKOBBI K€
MPEUMYIIECTBA TAKOW CTUMYJISIIUM MO3ra MO CPABHEHUIO C AKTUBALIMENW BO BpPEMs
oonpctBoBanusi. Haumbombiiee komumyectBo IIC peructpupyercs y MKUBOTHBIX
cpazy nocie poxaeHus. IIpomomxurenbHocth IIC B Xxo4e NOCTHATAIBHOIO
OHTOTE€HE3a MOCTENEHHO COKPAIIAETCA, U 3TO MpearoaaraeT BaxHyo poisb [IC B
Pa3BUTUU MO3Ta, HO B YEM COCTOUT 3Ta POJIb U MOYEMY TE K€ LIeJIU HE MOTYT OBbITh
JOCTUTHYTBI BO BPEMS IPYTUX COCTOSIHUM — HE U3BECTHO.

HecmoTpst Ha orpoMHBIN TPOrpecc, KOTOPBIA MPOU30UIET B HOCIEAHUE T'OJIbI
B u3yuenuu [IC, Helipodusnonornyeckue MU HEUPOXHUMHUYECKHE MEXaHU3MBbI
pa3BUTUA U MOJJAEpKaHUS 3ToM (a3bl CHA, a TAKKE Pa3HbIX €€ KOMIOHEHTOB J0
KOHIIJa HE NOHATHBL KIOYeBBIMM OTAEIaMH MO3ra, OTBETCTBEHHBIMH 32
reHepanuio 11C, SBIA0TCS MOCT, NpHIIeKAIUE OTAENBI CPETHETO MO3ra, a TaKKe
HEKOTOpBIE OT/AENbl rumnotaiamyca. VMeHHO B HUX OOHapy»KEHbl HEUPOHHI,
KOTOPBIE AKTUBUPYIOTCA MU TOpMO3ATcs ToJbKO BO BpeMs [IC. IIpakTtuuecku Bce
M3BECTHBIE HEMpOMenuaTopbl (alEeTWIXOJIHUH, TIyTaMmar, TUIOKPETHUH, TMCTAMUH,
HOopaapeHanuH, ceporoHuH, 'AMK, raumuH u ap.) B TOM WM WHOW CTENEHU
OMPENEIAI0T Pa3BUTHE KIlacCHUecKuX (pazuueckux U ToHndeckux ¢penomenon I1C,
HO KaKOBa POJIb KAKA0ro U3 HUX B 3amycke 11C u B ero npekpameHuu 10 KOHIA He
BBISICHEHO.

Takum o6pazom, IIC - 3TO 3aragoyHoe W TOWCTHHE IMapaJTOKCATBHOE
COCTOSIHUE MO3ra M OpraHu3Ma B IIEJIOM, OMOJIOTMYECKOE 3HaueHUE U (PYyHKIHU
KOTOPOTO HE MOHATHBI, @ MEXaHU3MBbI JI0 KOHIIA HE UCCIICIOBAHBI.
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PARADOXICAL SLEEP AS AN INDICATOR OF HOMEOSTATIC
“WELL-BEING” DURING LONG-TERM FOOD DEFICIENCY IN COLD
ENVIRONMENT

Pastukhov Yu.F.
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The current lecture is devoted to the analysis of the data about the
relationships between paradoxical sleep (PS) and physiological functions,
hormonal parameters, behavior, metabolism and body weight in mammals and
birds during the phenotypic and genotypic adaptations to the food deficiency and
cold exposure in natural environment in a winter and under the experimental
conditions. The special attention is paid to the regularities of the natural
hypometabolism in mammals. The following hypotheses are discussed: a) the
annual peak of PS time can be an indicator of readiness to the entry into torpor and
hibernation and seasonal widening of the thermoneutral zone into the range of low
temperature; b) high quota of PS during torpor and hibernation is an indicator of
homeostatic «well-being» during long-term food deficiency in cold environment; c)
ultradian rhythms of PS are a neurohormonal mechanism of synchronization and
endogenous kindling of visceral functions which promotes to enter into torpor and
hibernation. We have shown the data about the «paradoxes» of PS, its annual
dynamics and high percentage of the total time of PS in marsupials and other orders
of mammals which include a lot of hibernating species. There are data about molecular
mechanisms controlling the cycles of hibernation and about the recently found
natural phenomenon of neuronal plasticity. This phenomenon is based on the
process of the dissociation of protein clusters (but not the proteins themselves) and
this property permits to explain the capacity of hibernating animals to the
energetically efficient, fast and repeated microstructural changes during long-term
food deficiency in cold environment.

Key words: paradoxical sleep, brain temperature, annual dynamics of sleep
and physiological functions; torpor, hibernation, mammals, birds
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[Tapamokcanbabii coH (IIC) — «Tpethe» cocmoanue TEIIIOKPOBHBIX
KUBOTHBIX M 4eJoBeKa (Hapsiiay ¢ O0oapcTBoBaHMEM U MeuieHHbIM cHoMm (MC)),
XapaKTepu3yrolleecs akTUBaIlMed Mo3ra Bo Bpems rryOokoro cHa. Co BpemMeHU
oTkpbiTusd IIC, B KOTOPOM MPOCIIEKUBAETCA OTUETIMBBIA «PYCCKHM CIEA», HE
CMOJIKAIOT ocTphle nuckyccuu o npupoze IIC u ero kimodeBbIx QyHKUUSIX. DTH
BOIIPOCHl HE MOTYT OBITh pelIEHbl 0€3 IIMPOKOTO CPaBHUTEIBHOIO aHalu3a
xapaktepuctuk [IC y pa3nuyHbIX BUJOB U TPYNI MIEKOMUTAIOMIMX W MTHII.
«VImeHHO cpaBHUTENbHAA (PU3UOJIOTHUS MMO3BOJISIET YBUIETH SIBICHUE CHA BO BCEM
MHOT000pa3uu, CTPOUTh TUIIOTE3bl O €ro OMOJIOTUYECKOM 3HAYECHHUH, SBOJIOIUU U
AKOJIOTUYECKOM 00yciaoBIeHHOCTWY (3). O/lHa U3 TaKUX TPy BKIIOYAET HE MEHEE
1000 BMOOB MIIEKONMTAIONIMX W MTHUL, BIAJAOIIAX B COCTOSHUS HPUPOIHOTO
runometabonusma (I1I") — Topnop (onenenenue), SCTUBAUIO (JETHIOO CIIAYKY) U
rubepHaIuio (3UMHIOI0 CHsiYKY). Bce 3TH KHUBOTHBIE - TUIUYHBIE TOMEOTEPMBI,
oOnaaromme HA0TEPMHUEH U CIIOCOOHOCTHIO CTPOr0 KOHTPOJIHUPOBATH TOMEOCTa3
MIpU OTKJIOHEHUSIX HE TOJIbKO OKpPY’XKalollled, HO U BHYTpEeHHEH TemmepaTypsl (35,
11); oHM TEMOHCTPUPYIOT BAPUAHTHI TEHOTUITUYECKOM, BOJIFOIIMOHHON aJlalTaiuu
K AeUINUTY TUIIU, BOJbI, BBICOKMM M HU3KUM TeMmiiepatypam. boriee neranbHOe
W3JI0KEHUE JTaHHBIX MO AKOJOTUM U (PU3UOJOTUU 3TOM T'PYIIbI )KUBOTHBIX, B T.U.
00 0COOCHHOCTSX CHa, MO’KHO HAWTH B paboTax (2, 4,-6, 8, 25)

1. IlapanokcanbHbIN COH Yy 3YTEPMHBIX KUBOTHBIX B YCJOBHAX X002
U aepunura numu. M3BECTHO, 4TO y MHOTMX IrOMEOTEpMOB B 3mu3ofgax MC
MPOUCXOIUT CHUKeHue, a B snuzonax [IC — moBblllieHHE TeMmepaTypbl MO3ra
(Tm). Cornacuo runotesam (21, 23, 34) IIC BbI3bIBa€T «HArpeBaHUE)» MO3ra BO
BpEeMsI CHa, KOTOpPOE€ MOXET ObITh OOYCJIOBJEHO TMOBBIIIEHUEM OOMEHHBIX
npoiieccoB (MeTaboauyeckas TUIOTE3a) WIM YBEIUYEHUEM ITPUTOKa Oojiee Terion
KpOBHU 10 TTO3BOHOYHOM apTepuu (reMoguHamudeckas runotesa). Konuuectso [1C
3aBUCUT OT CTEIEHW 3peNIocTH npu poxiaeHuu: B mnepBele 10 gHel mnocie
POXJICHUS Y HE3PEIOPOKAAIOIMMXCS BUIOB (HanmpuMmep, Komek win kpeic) 11C Bo
MHOTO pa3 OOJIbIlle, YeM Y 3pelopoKaaroimmxcsi. B 3To BpeMsi OOJIbIIMHCTBO
AKCOHOB HE JOCTUTalOT CBOMX MHUIIEHEW W MPOLECCHl CHHANTOrEHE3a €Ie He
3aBepiieHsl (24). YacTteie u anutenbHbie 31306l [IC o6ecnieunBatoT 3HI0T€HHYIO
aKTUBAIlMIO HEPBHOM CHUCTEMBbI, TaK HEOOXOAUMYIO i pa3BuTusi mo3ra. OIHAKO
MOKAa OCTaeTCsl 3arajikoil, mo4yeMy Yy B3pOCIBIX HE3PEIOPOXKAAIOUIUXCSA TAKKE
mHoro [1C.
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[lokazaHo, 4TO y B3POCIHBIX HE3PEIOPOKIAOIIMXCS BUIOB MaKCHMallbHas
kBoTa [IC nHabmromaeTcss B TepMOHeUTpanbHOU 30He M 3Ta KBoTa [IC siBisieTcs
Oojiee TOYHBIM €€ WHIUKATOPOM, YeM CTaHJApTHBIA MeTaboau3M; TpHU
OXJIaXJEHUU, TeperpeBaHun uiu juxopagke kBora [IC ObIcTpo ymeHbIaeTcs;
(eHO- ¥ TeHOTUIIMYECKas ajanTtaius ocnabusaoT HapymeHus cHa (18, 19, 30, 31).
«AOOpUTEHBI» aAPKTHUYECKOW TYHJAPHI CHOUPCKUE W KOIBITHBIE JIEMMHUHTH TpPU
HACTYIUJICHUU 3UMBbI NIEPEMEIIAIOTCS B CTAIlUU C TITyOOKUM CHETOM, CTPOST TEIUIbIe
rHE3/1a U YBEJIWYUBAIOT TEIJIOM3OJSIMI0 MEXOBOIO MOKPOBA, T.€. 00JaJaloT Kak
Obl TPONHBIM CIIOEM TEIUIOM3OJSALMY, TO3BOJAIONIUM cOeperaTh SHEPrUl0 U
COXPaHATHh OOJIBIIYI0 CYTOUHYIO Ipornopiuio cHa v [IC B 3UMHHX YCIIOBUSX MpPH
nedumuTe TUIIM, B TEMHOTE U Ha xonoze (11).

Y MHOrux BUIOB NTHI, B T. 4. y rony0ei, snuzonsl [IC odyeHb kopoTkue —
ot 3 10 30 ¢ u npomnopuus I1C HeOonbIIas, OJTHAKO HOYBIO, KOT/1a METa00I13M U
T™M cunbHO cHmxkarorcs, nponopuus [IC Moxker JoCTUraTh B OTIEIbHBIE Yachl
15% (9, 29), uTo 6GAM3KO K €ro 3HaYEHUSIM Yy KPBICHI, KOIIKH, JibBa, yeiaoBeka. [Ipu
rojiofaHuu y ronyoei (10 morepu macchl Tena Ha 20%), korma JOMUHUPYIOLIEH
CTpaTerue BBDKMBAHMUS CTAHOBUTCS SKOHOMHUS dSHeprorpar, kBota MC
Bo3pacTtaert, a kBota [IC He mensiercs, Ho Bkiana [IC B moBeimenue TmM cTaHOBUTCS
noutH B 6 pa3 Oonbie, yeM Bkiag 0oapctBoBanus (8). IIpu cHmxkennu TM HOUBIO
no HwkHen rpanunbl dyrepmun [IC BeicTymaer kak «4yTkud ctopox» SET
POINT romeocrtasa: uem Hmxke magaetT TMm B snu3ogax MC, Tem BhIIIE OHa
Bo3pactaet B 3nu3oaax [IC; 3a Bce Hounble anm30ab6l MC, 3anumMatroniye 9 4acos,
Twm cHmxkaercsa Ha 16.5°C, a 3a Bce Hounble 3nn306! 11C, 3arnMaromue 1 yac, oHa
noBbIaercss B cymme Ha 12.6°C (11). CnegoBaTenbHO, B yCIOBHSX AeduiuTa
MUK y TOAyOel BO BpeMs CHa coBepliaeTcs Oosbias padoTra Mo 3KOHOMHUU
SHEPTUH U MOJIEPKAHUIO TEMIIEPATYPHOTO TOMEOCTA3a.

2. [lapanokcaibHbI COH — MHAMKATOP FOTOBHOCTH K CE30HY TOPHOpa u
cnsiuku. Jlnsg apkruueckux (¢ mpica lImuara, YykoTka), IIMHHOXBOCTBHIX (M3
okpectHOocTel BepxosiHcka) u Oonbiiux (u3 Cpennero IloBoikbs) CyclinKoB, Ha
KOTOPBIX HAMU IMPOBEICHbI MHOTOJETHHUE HUCCIEAOBAHUSA, XapaKTEPEH KOPOTKUU
ce30H aytepmuu (4-4.5 mec), B TEUYCHHE KOTOPOTO OHH JOJDKHBI IPOUTH
Pa3MHOXKEHHUE U BBIPACTUTH OTOMCTBO /10 HACTYIUJICHUS CE€30HA CISIUKU. BecHOM,
MOCJI€ BBIXOJIa U3 3UMHEH CIISTYKU, KOT/Ia €UIE JIEKUT CHET U MOYTH HET MUIIH, BCe
CYCJIMKW UMEIOT HAUMEHBIIYIO MAacCy Tejia U UCTOIICHHBIE )KUPOBBIE PE3EPBbI, OHU
MHOTI'O JABUTAIOTCS 10 MOBEPXHOCTH B CBSI3U C OpauyHbIM MEPUOIOM, HE 3aIUILICHbI
OT BparoB, UMEIOT MHOTO CTPECCOB U BBICOKHE pacxonbl 3Heprun. Ksota I[IC un
BCEr0 CHA B 3TOT MEpPUOJ] — HAaUMEHbIIas B TeueHue rojga. OT Hayana K KOHIY
CE30HA PYTEPMUU MPOUCXOIUT MOUYTH OJUHAKOBBIN MPUPOCT MACCHI TeIa U KBOTHI
[IC (ma 75-77%), a Takxke >XUpPOBBIX pe3epBoB (A0 35-58% oT Maccwl Tena).
[lo3nHel OCeHbIO CYCIMKH 0OJIbllle BPEMEHU MPOBOJAT B OE30MACHOM THE3AE, Y
HHUX YMEHBIICHBI MOTEepU Teria U 3Heprum u MHoro MC; cyrounas kBora [IC
JIOCTUTAaeT MAKCUMaJbHOTO 32 TOJ 3HAYEHUS] U MOXKET CIYKUTh WHIUKATOPOM
TOTOBHOCTH K cristuke (6, 13).
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3. IapagokcajJbHbIl COH — NMPHU3HAK «O0JArONOJIyYHs» TOMeEOCTa3a B
YCJAOBHSAX UIMTEJNbHOr0 Aedpuunura numu u xosaoaa. Ilepeg BxoxaeHueM B
TOPHOP CYCIWKHU CaMH BBIOUPAIOT XOJOAHYIO rHe3AoByio kamepy (7°C), rae oHu
npoBOAsT 6.5-8 Mec O6e3 muIKM B TEMHOTE U Ha X0j0j]ie. B TeueHue Bcero ce3oHa
I[II" onu wumeror 24-25 1uKIOB THOEpHAIMU, BKIIOYAONIUX (ha3bl BXOXKICHUS,
CIISTYKH, TPOOYKACHUS U dyTepMUU. TM MOXKET U3MEHATHCS B LIMKJIAX CISYKU Ha
30-37°C, a mnotpebnenue kuciopoma — B 100-500 pa3; rubepHaTOpHl -
«YEMITHOHBD) CPEIN MIICKOIIUTAIOIINX IO SKOHOMHUH YHEProTPaT B TOJIOBOM LIMKJIIE
(4, 7, 13, 28). B cocTOSHMM CHOAYKH >KUBOTHBIE YCTOWYUBBI K TOKCHUHAM,
MH(EKIHSIM, OIYyXOJIsIM, PAJUOAKTUBHBIM U KOCMUUYECKUM HU3TYyUCHUSIM.

YcraHoBIIeHO, 4TO CKOpPOCTh MeTabonu3dMa u odmee Bpemsi IIC B dazax
SYTEpPMHUM IUKIOB TOpIopa W chsiuku y rudepHatopoB (mpu 7°C, korma Tm
coxpaHseTrcss B TeueHue 12-48 u Ha ypoBHe 36-37°C), OnuU3KM K JIETHUM
3HaueHussM Tipu 23°C, d9TO MOXKET OBITh CBSI3aHO C CE30HHBIM CIABUTOM
YCTAaHOBOYHON TOYKH TEPMOPETYJSILIUM W TEPMOHEUTPAIbHOW 30HBI B CTOPOHY
HU3Kux Ttemmeparyp (6, 13, 16, 22). Coxpanenne takoro ke komuuectBa [1C
CBHUJIETEIBCTBYET, YTO CYPOBBIE 3WUMHHUE YCIIOBUS, B PE3YyJIbTATE 3BOJIOLMOHHON
ajanTalyyd CTalu st THOepHATOpoB «KoMpopTHeiMUY», a [IC nus HUX Takxke
HE00X0uM, KakK ¥ JeToM. B nHTepBanax Mexay 0ayramu B TIyOOKOUM U XOJIOJHOM
HOpe W 0O€3 NUIM Hall CYCIMK CIOUT HE XYyXe, 4eM JIeB B TEIUION JI0JuHE
Cepenretu mnocie ygadyHoOMl OXOThl. B crnenwanbHOM CEpUU OMBITOB BBICHEHO:
€CIIM APKTUYECKHUE CYCIMKH 3UMOW COJEPKATCA NPHU JIETHEW TeMmepaTrype U He
BMajatoT B TubepHanuio, 10 kBota [IC y HHMX CTaHOBUTCS MEHbIIE, YEM B
xonogHbIX ycnoBusax (16). O6mee Bpems IIC moxeT OBITH MPU3HAKOM
TEMIIEPATYPHOTO «KOM(OpTa» U «OJIaronoiaydus» roMeocTa3a B IKCTPEMaIIbHBIX
ycinoBusix. [lonydennsie B onbiTax cpeanue 3HadeHus [1C 3a rog y apkTUueckux u
OOJIBIINX CYCITMKOB OKa3alauch B 1.5-2 pa3a OoJibliie, 4YeM y 3yTEePMHBIX I'PHI3YHOB,
HE BIAJAIOIIMX B TOPIIOP U CIIYKY (6).

4. «boabuIO» NAPaJOKCAJIbHBIA COH XapakKTepeH /[Js BH/OB,
Bnagawomux B cocrosinusa III. Ha ocHoBe nanubix (3, 4) HamMu BBINOJIHEH
dunorenetTnueckuii ananusz cyrtoudHo pgonu IIC y 75 BumOB cymMyaThiX U
MJIAEHTAPHBIX MJIEKOMUTAIOIIUX. BBISICHUIOCH, UTO OTPS/Ibl, BKIIOYAIOIIUE BU/IBI,
BIA/IAIONIME B COCTOSHHUS TOpPIOpa U CISIYKK (CyMuarble, HEMOJHO3YyObIE,
PYKOKpBUIbIE, TPBI3YHbl, HACEKOMOSJIHBIC W XHWIIHbIC) MUMEIOT 00Jie€ BBICOKYIO
kBOTY IIC 1o cpaBHEHHUIO C OTpsiAaMU IPUMATOB, JIACTOHOTUX, MAPHOKOMBITHBIX U
JJaMaHOB, I KOTOPBIX TaKW€ BHUAbI HE W3BECTHBl WJIM OHU €JUHHUYHBI. Takoe
paznuuue emie Ooyiee OYEBUIHO MPOSBISETCS Yy TPHI3YHOB: 12 BUIIOB, KOTOpHIE
Bnanarot B [1I', umerot 13% IIC, a 10 BugoB, KOTOpBIE HE BIAAAIOT, - JUIIb 8%.

Cnenyrornyue OMOJOTHYECKHNE XapAKTEPUCTUKH, SBISIONIUECS OOIIUMHU IS
MJIEKONHUTAIONMX, BHagaromux B coctosiHus [II, MOXHO pekomMeHIoBaTh B
KauecTBE BO3MOKHOTO Habopa MpU3HAKOB — KOppessiToB Ooubiioi kBoTh [IC u ee
COXpaHEHHMs B YCIOBUSX JJIUTENBHOrO AedUIINTA NUIIM U X0Joaa: 1) He3penocTh
ATUX >KUBOTHBIX MPU POKACHUU; 2) HU3KAsE CKOPOCThH OCHOBHOTO MeTaboIM3Ma,
HU3KHUIM CPETHEr0I0BOM YPOBEHb SHEProTpaT U TeMIepaTypbl MO3ra; 3) C€30HHOE
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BO3pACTaHUE MAacChl TeJla, KUPOBBIX PE3EPBOB, CHWIKEHHUE MPEANOYUTAEMOMN
TeMmeparypbl  cpeapl U Apyrue  (akTopbl,  ONPENENSIOImHNEe  CIABUT
TEPMOHEUTPATILHON 30HBI B CTOPOHY HHU3KHUX TeMmieparyp; 4) 0e30macHOCTH
ycIoBuUH cHa; 5) 6omabiioe konudecTBo riryobokoro MC (2, 4-6, 7, 8, 16, 22, 25, 35).

N3BectHO, uTo cyTouHas foJis [1C 3aBUCUT OT IUPOKOTro Kpyra GakToOpoB U
y U3YYEHHBIX BUJI0B MIIEKOTIUTAIOMMX Kosnebaercs noutd ot 0 1o 7 vacos (3, 35).
[IpoBeneHHBI HAMU aHANIW3 JTAHHBIX JIUTEPATYPhl U COOCTBEHHBIX PE3YJIHTATOB
MO3BOJIUJI BBICKA3aTh OOOOIIEHHUE: KOMIUIEKC SKOJOTMYECKUX JIETEePMHUHAHT,
chopMUpOBaBIIMICS B  MPOIECCE ABOJIOLMM, OMNpeaeasieT O0COOCHHOCTH
B3auMooTHOIIEeHn Mexay IIC m BaxkHeMIMMH OHOJOTMYECKMMH (DYHKLHMSIMU
(muTaHwue, 0e30MacHOCTb, pPa3MHOXKEHUE, SHEPreTUYECKUM OamnaHc,
TEeMIEPAaTYpPHbI TOMEOCTa3, JOKOMOIMU, W Jp.), 00eCIeYMBAIOIIMMU (PEHO- U
F€HOTUIUYECKYIO aJanTallio K dKCTpeMalbHbIM yciioBusiM. 1IC — o0s3aTenbHbIi
KOMIIOHEHT JKM3HHU, HO €ro OCHOBHBIE XapaKTEPUCTUKH JIOJHKHBI  OBITh
COTJIACOBAaHbl C BAXKHEUIIMMHU OMOJOTMYECKUMU (PYHKIMSIMU, ONPEACISIOMUMU
KU3HEIEATEIbHOCTh U BbKMBaHUE BUJIOB (4, 5, 11)

5. TemmneparypHble «IapaJoOKCcb» MNAapaJ0KCAJIbLHOIT0 CHa NpH
BXO:K/I€eHMU B TOpHOp M rudepHamuio. B ornuuue OT KpbIC, KOLIEK U APYTUX
AYTEPMHBIX MIlekonuTarmmx xapakrepuctukoi IIC y rubepnaropoB B (¢aze
SYTEPMHUU U, OCOOCHHO CTApTOBOM MEPUOJAE BXOXKJCHUSI B TOPHOp, SIBISETCS HE
MOBBIICHUE, a CcHWkeHue Twm, BcTpewaromeecs B 70% nsmmzonoB IIC. Ilpm
CYTOYHOM HINMUTENbHOCTH (ha3bl PYTEPMUHM CyMMapHOE CHUXeHHEe TM BO Bcex
snusonax I[IC cocraBnser 6onee 5°C! (6, 14, 17). Haubonee Bwipaxennoe IIC-
3aBucuMoe cHmkenne Tm (mo 0.3-0.7°C), momropsromieecss ¢ nepuogoMm 10-30
MUH, HAOII0JJaeTCsl B CTAPTOBOM NEPHOJIE U HA TPAHUIIE MEKIY «HOPMOTEPMUEH)
U cTajguel moBepxHOcTHOTo Toprnopa (36-35°C). YrueTeHue TepMOperyasiTOPHbIX
MexaHu3MoB Bo Bpemss [IC mpuBOgUT K  MHOTOKPATHBIM  «IIPOOHBIM
MEPECEUECHUAM «3ANPETHOW 30HBD» - CHWKEHHUSM TM HMXKE JIETHEH T'PaHHULIbI
syrepmun. Manmupyemas 11C «packauka» Tm U KJI€TOYHBIX PUTMOB MPOUCXOIUT
B TMEpHOJl BO3pacTaHusi 4yuciaa »Hnu30A0B u obumero Bpemenu I[IC, ona
CIOCOOCTBYET PACUIMPEHUIO TEMIIEPATYPHBIX IPAHUIl TOMEOCTa3a U BXOXKICHUIO B
topriop. Ilocne nmepeceuenns rpaHuibl MEXAY dyTepMuerd U Topriopom kBota [1C
OBICTPO yMeHbIlIaeTcsl. Bricka3aHa runore3a 0 HEPBHO-TOPMOHAIBHOM MEXaHU3MeE
CUHXPOHU3AlUM W DJHIOTCHHOM «pacKadykm» yabTpaauaHHbix putmoB [IC u
BHCIIEPATIbHBIX (DYHKIIHMM, CLIOCOOCTBYIOIIEH CHIKEHUIO MeTabonu3Ma u TM mpu
BXOXJEHUU B Topnop u crsuky (6, 12, 14, 17). MonenupoBanue (eHomeHa
«pacKaykw» yCKOpSieT aJanTallui0 >KUBOTHBIX W YEJOBEKa K XOJOdy |
AKCTPEMaJIbHBIM 3UMHUM ycioBusiM (11).

6. O MoJIeKyISIpHBIX MEXaHU3MAaX, KOHTPOJUPYIOIIUX MPOLECChl CHA H
rudepHanum. Bo Bcex (azax 3UMHHMX IIUKIIOB TMOEpHAIIMU B CTPYKTYpax Mo3ra u
nepudepruueckux TKaHAX 30JO0THCTOTO CYCIMKa HaiieHa HHU3Kas JKCIPECCHs
manepona Hsp70 (Heat shock protein 70) (20), Bo3pacraromiasi OObBIYHO MpHU
MHOTHX CTpeccax y J3YTepMHBIX >XKMBOTHBIX (15). DTO B 1EIOM COOTBETCTBYET
HallleMy [MpPEJCTABICHUI0O O TeMIepaTypHOM KoM@opTe U «OJIaromnoiydun»
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romMeocta3a B YCIOBHUSIX JJIMTEIBHOTO Je(PUIMTa NUIIM U XO0JIoJa B CE30HE
topniopa u crsiuku (6-8). K coxkanenuto, aBTOpsl HE COOOIIAIOT, MOYEMY MpU
OIHOU W TOM ke Temmeparype Tena (okono 30°C) BbISIBIEHBI Kak BbICOKas (B
oOpasiax TKaHell «IeHb»), TaK U HU3Kas (B 00pa3lax «Houb») 3kcnpeccust Hsp70.
MBI  MOXeM BBICKa3aTh JOTaJIky, 4YTO TOBbIIIEHHas J3kcnpeccuss Hsp70
COOTBETCTBYET JUIUTEIHLHOMY OOJPCTBOBAHUIO MPHU BBIXOAE U3 TOPIOpPA, a HU3KAs
— 6ounbiioit kBote MC (90-95%) u peskomy cokpanienuto [1C npu BXoxJIeHUHN B
toprop (6, 12, 14). Panee nokasano, 4tro yBenuueHue coaepxanus Hsp70 B mo3sre
AYTEPMHBIX KPBIC U ToayOei BbI3bIBACT 3HAUUTEIbHOE yBelnueHue KBOThl MC u
XapaKTEPHOTO JUIsl HEro CHIKEHUSI MbliedHoM akTtuBHOCTH U Twm (10, 15); mpu
ATOM, KaK ¥ IIPU MOBEPXHOCTHOM TOPIIOPE Y CYCIUKOB, 0OTMeueHo yruerenue [1C.

HNurtepecHo, uTto B KOHIE (a3l CHSYKH YCUIIMBAECTCS SKCIPECCUSI TAKUX
TPAHCKPUMIIMOHHBIX (PaKTOpPOB, Kak c-fos, junB u c-jun (27), rmunepanpaerua 3-
dbocdar nmerumaporenasnsl (20) u rmoko3o-perynupyemoro oenka GRP78 (26), a
TaKKe yCKOpsieTcs: TpaHc(hopMalusi THPOKCUHA B TPUHOATUPOHUH (28), 4TO MOXKET
OBITh CBSI3aHO C TMOJATOTOBKOW K TMpoleccy mnpoOyxnaenus. B To xe Bpems
sKcrpeccust npocrariaHauH J[-cuHTasbl B (ha3e CHSTYKM HU3KAsl, HO MOBBIIIACTCS
Ipu Bo3BpalleHuu K ¢aze syrepmuu (27). Ilpu nepexoae ot ¢asbl crsiuku K ¢aze
AYTEPMHUU SKCIPECCUS] APYTUX TE€HOB, MPOAYKThI KOTOPHIX MOTYT Y4acTBOBaTh B
peryisiuuu cHa (COMaToCTaTHH, 3HKe(aluH, rucTuanHAeKapOokcunaza, SD464,
GAP 43, GAD 65/67), a Taxxe skcnpeccus maneponoB Hsp70, Hsp60 u Hsp90 ne
m3menstores (20, 27).

7. I'nOepHauus — NPUPOAHAA MOJeJb HEHPOHAJIBHOW IJIACTUYHOCTH.
OnuH W3 LEHTPATBbHBIX BOMPOCOB — KAaK COBMECTUTH KM3HEHHO BaXKHYIO MJIsS
ruOepHATOPOB CTpaTerui0 dKoHomuu HsHeproTpar (4, 13) ¢ rinybokumu
nepenajaM B LUKJIAX CIAYKU MeTtabonu3zma U Twm, KoTtopsie, TpeOyroT OOJIbIINX
pPacxoJl0oB HEPTUHU, B TOM YHUCJE, BUIUMO, HA CUHTE3 0ekoB? Bellb y 00nUraTHbix
ruOepHATOPOB MUIA OTCYTCTBYET U SHEPrUs HE BOCIOJHSETCS U3BHE B TCUCHHUE
MHOTUX MecaneB. [lokazano, uto cHmwxkenue Tm Ha 30-35°C compoBoxmaeTcs
W3MEHEHUSIMU B CTPYKType HEHpOHOB (IJIOIIAAM Tella HEHWpOHa, CIIOXKHOCTHU
BETBJICHUSI JICHJIPUTOB, IUIOTHOCTH IIWIHUKOB), a TakKKe MOTEpel KIacTepoB
CUHAINTUYECKUX OEJIKOB, KOTOpas HE ABJISETCA pe3yJIbTaTOM MOTEPH caMUX OEJIKOB
(32, 33). [Ipenmomnaraercs, YTO 3TO CBSA3aHO C «OTCOCAMHEHUEM» (IUCCOIMAITHEH )
O€JIKOB OT UX CHHAICOB U UX TPAHCIIOPTOM B aKCOH, IEHJPUT wiu comy. Cyns mno
MMMYHOTUCTOXUMUYECKOMY aHalIu3y U BecTepH-ONOTTUHTY  COKpallleHue
oOnacTei, MOKPBITHIX OEIKOBBIMU KJIacTe€paMy, HE BIUSAET Ha KOHIIEHTPAIUIO
OCHOBHOTO Oelika BO BpeMs Topropa. Co3JaHHbBIN TaKUM IIYyTEM «pe3epB» OEIKOB
BIIOCJIEJICTBUHM MOXET ObITh OBICTPO MOOMJIM30BAH I BOCCTAHOBIICHUSI CUHATICOB
IIPU BBIXOJIE U3 TOPIOPA U BO3BPATE K IYTEPMUU; CUTHAIIOM JIJIsi COOPKHU OEITKOBBIX
KOMIIJIEKCOB CHHarca CiayXuT mnoBeimenue Tm. Ilo pacueram aBtOopoB (33),
BXOXJICHHE B TOPIIOpP MPUBOAMUT K Aucconuanuu 0enkoB B 50-65% cHHAICOB B
roJIOBHOM MoO3re. VMMEHHO Takol MEXaHU3M HEUPOHAIbHOM IUIACTUYHOCTH,
OCHOBAHHBIN TJIABHBIM 00pa30M Ha pa300IlEeHUH OEIKOBBIX KOMILIEKCOB, a HE Ha
paspylieHun O€JIKOB, IIO3BOJISIET OOBSCHUTH CHOCOOHOCTH THOEPHATOPOB K
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HSHEPreTUYECKH SKOHOMHBIM, OBICTPBIM M HOBTOPHBIM MHUKPOCTPYKTYPHBIM
nepectpoiikaMm. [loka He HM3BECTHO, KakO€ OTHOLIEHHME K 3THM IEpEeCTpOMKaM
nMeer cHmwkeHne TMm, cBaszanHoe ¢ ysenmumuenueM MC u 1IC. Illaneponst
Y4acTBYIOT B pa30opke u cOOpke OEIKOBBIX KOMIUIEKCOB cuHAIcoB (1), oaHako, He

SICHO,

MOJXHO JHM IICPCHCCTH IOTHU HOAHHBIC Ha IIPOLCCCHI, IMPOUCXOAAIINE IIPpH

BXOXJAeHUU B Toprop. PacmmdpoBka MexaHHU3MOB 00paTUMOMN AHMCCOLMAIUU
O€JIKOB B MPUPOJHON MOJEN HEUPOHATBHOM MJIACTUYHOCTH, MPOSIBIAIONIEHCS Y
ruOepHATOPOB B YCIOBUSAX JepuIUTa MUIM M XOJIOJA, MOXKET MPUBECTH K
CO3/IaHUIO HOBBIX MOJX0JIOB K TEpPANuU HEUPOJAEreHEPaTUBHBIX 3a00JI€BaHUI.
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We propose that during sleep all cortical areas, which during wakefulness are involved in
the analysis of signals coming from exteroreceprors (visual, auditory and so on), switch to the
processing of information coming to this brain level from interoreceptors. Thus, during sleep, all
"computational power" of the cerebral cortex is used for homeostatic regulation and restoration
of the visceral functions. Experiments, which confirm this proposal, are given below.

It is well known that sleep deprivation results in numerous visceral
dysfunctions, and several days of total sleep deprivation finish by unavoidable
death of animals (Rechtschaffen and Bergmann, 2002; Everson and Szabo, 2009;
Tang et al., 2009; Barf et al., 2010; Sharma and Kavuru, 2010). Multiple visceral
disorders, and first of all in the gastrointestinal system, follow sleep disorders also
in humans (Keefer et al., 2006; Knutson and Turek, 2006; Ranjbaran et. 2007; Orr,
2007). However, probably because of very bright changes in cerebral electrical
activity, which accompanies transition from wakefulness to sleep, and fantastic
pictures of dreams, most basic studies of sleep were mainly focused on various
aspects of cerebral functions reviewed in several recent publications (Datta and
MacLean, 2007; Cirelli and Tononi, 2008; Dijk, 2009). It is generally recognized
at present that during periods of slow wave sleep (SWS) cortical neurons change
their firing mode to synchronized burst-pause pattern reflected in slow waves in
EEG. It is recognized that propagation of sensory information to the cerebral
cortex 1s strongly suppressed during sleep (Mukhametov and Rizzolatti, 1970;
Singer, 1977) as well as the propagation of signals from the cortical motor areas to
muscles — sleep atonia (Chase, 2008). However, it stayed unclear how all those
changes in cortical neuronal activity associated with sleep could be related to
visceral health, and why sleep deprivation lead to severe visceral disorders.

To combine these contradictive effects in a single theory we proposed that
during sleep the same cortical areas (and the same neurons), which during
wakefulness are involved in processing of the exteroceptive information (visual,
auditory, somatosensory), switch to the processing of interoceptive information,
coming from the various visceral systems. Within the frame of this hypothesis
rhythmic cortical activity recorded during periods of SWS could be defined by
periodic activity of various visceral systems (heart beats, respiration, gastro-
intestinal peristaltic activity and so on).

For the first step of experimental check of the visceral sleep theory,
relationship between the gastrointestinal system and cortical sensory areas was
studied in sleep-wake cycle.
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It was shown that in cats and monkeys, namely during sleep, electrical and
magnetic stimulation of an area of stomach and small intestine evoked neuronal
and EEG responses in various cortical areas including primary visual cortex
(Pigarev, 1994; Pigarev et al., 2006). These responses disappeared immediately
after awakening of the animals. Figure shows population response to magnetic
stimulation of stomach of 61 cortical neurons in monkey's visual area V4. It is seen
that stimulation lead to short latency inhibition of neuronal activity, which
coincided with the wave in EEG evoked response. Later this short inhibition was
replaced by the delayed excitation, which was particularly strong in some neurons.
The same magnetic stimulation in wakefulness did not reflect in neuronal and EEG
activity (not shown).

o/ 61 neurons n=615

100

0 10 20s

Fig. 1. Population response of 61 neurons in monkey's cortical visual area V4 to magnetic stimulation
of stomach (vertical gray line). Horizontal gray line - the level of background activity before
stimulation.

In spite of very bright and clear results obtained with electrical and magnetic
stimulation it was necessary to recognize that this stimulation was artificial, and
critics of the visceral theory told that obtained effects could reflect some
nonspecific effects.

To avoid this obstacle, natural myoelectrical activity of the duodenum was
correlated with cortical neuronal activity (Pigarev et al.,, 2004). To record the
myoelectrical activity of duodenum bipolar silver electrodes were implanted under
serous membrane of the muscle wall of this organ using method proposed by
Papasova and Milenov (1965). In parallel, in the cerebral cortex, activity of 201
neurones in the visual areas V4A, V2, and frontal visual area was recorded. The
described effects were found in all those areas. The goal of this study was to see
whether during SWS information concerning natural activity of the duodenum will
reach the level of the cerebral cortex. To answer this question we planed to
examine are there significant changes in cortical neuronal firing associated with
any phase of periodic activity of duodenum. The same tests were undertaken
during wakefulness. Analysis was performed individually for every studied
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neuron. Period of SWS or wakefulness was selected. Within the selected period
sharp picks of periodic duodenal activity associated with peristaltic cycles were
automatically selected. At the second step fragments of spike density function,
which reflected neuronal activity during these peristaltic cycles, were averaged.
The example of such averaged function is shown in figure. The length of the
averaged interval was 4s. This time included one cycle of duodenal activity
(around 3.3 s).
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Fig. 2. A - averaged cycle of duodenal myoelectrical activity with spike-potentials during SWS (left)
and wakefulness (right). Numbers of averaged episodes (n) are shown above each curve. B —spike
density functions averaged synchronously with duodenal activity. Two horizontal lines indicate the
levels of maximal and minimal firing rate and demonstrate the way how parameter D was calculated.
C — distribution of ascending sorted parameters D obtained for 500 combinations of random markers
generated during procedure of stochastical modelling. Vertical lines show the parameter D obtained in
the experiment. Horizontal dashed lines indicate the level of p=0.05. It is seen that in this experiment
parameter D reaches the level of significance only during SWS.

At the next step, we searched for the mean maximal and minimal firing
frequencies occurring within a single duodenal cycle on this averaged curve, and
took the difference between these two numbers. This difference we will call
parameter D (difference). The value of this parameter D reflected the mean change
of the neuronal firing within a single duodenal cycle. Now it was necessary to
estimate whether obtained for a neuron parameter D reflects significant change of
firing, associated with duodenal activity, or just the variations happened by chance.
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To get this estimation, method of the stochastic statistical modelling was
used (Levichkina et al., 2006). It was shown that for about 30% of cortical
neurons, observed changes of firing rate associated with particular phase of
duodenal activity during SWS were highly significant. There were no cases of
significant connections between duodenal and cortical activities during
wakefulness

Duodenum in slow wave sleep
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Fig. 3. Ascending sorted p values obtained for 201 neurons studied in slow wave sleep (black points)
and 125 neurons studied in wakefulness (gray points) are shown in a single plot. Vertical line indicates
the level of significance = 0.05.

However, observed significant changes of the neuronal firing averaged in
synchrony with periodic duodenal activity not necessarily reflected the causal
dependence of the intestinal and neuronal functions. The same picture could be
observed if both studied structures (duodenum and cerebral cortex) had
independent but close frequencies of their internal rhythms. The peculiarity of the
duodenal myoelectrical activity let us to show that it was not the case (Pigarev et
al., 2004). It was known that some duodenal waves are rather «clean» while some
other waves included fast oscillations (so-called spike-potentials). Appearance of
spike-potentials is connected with particularly strong constrictions of smooth
muscles (Papasova et al., 1966). We expected that if the information concerning
intestinal activity was transferred to the cortical level for functional analysis,
pattern of the cortical activity during waves with spike-potentials should be
different from the pattern during simple intestinal waves. Consequently, cortical
activity averaged during waves with spike-potentials could be different from the
activity during simple waves. We automatically sorted all duodenal waves on two
groups: simple waves, and waves with spike-potentials. The averaging of spike
density functions was now undertaken separately for these two types of markers.

From 59 neurons with significant modulation of the activity associated with
the duodenal rhythm, 54 neurons demonstrated significant association exclusively
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either for the duodenal simple waves or for waves with spike-potentials. In other
words, during sleep cortical neurons were selective for particular type of duodenal
activity. Thus it was concluded that activity of about 30% of cortical neurones
during SWS was causally connected with the natural periodicity of the peristaltic
intestinal activity.

We do not want to say that only activity of the duodenum can be reflected in
the cortical activity during sleep. We observed similar effects for the activity of
stomach (Pigarev and Bagaev, 2002), and for respiratory activity.

In the last block of studies with gastro-intestinal system influence of gastric
contents on the activity of the cortical neurons during SWS was investigated.
Gastric fistula was implanted into the stomach of a cat. Using this fistula gastric
content could be changed during sleep. For the first experiments introduction of
warm (body temperature) water was used. The water changed pH in the gastric
cavity and increased mechanical pressure on the walls of stomach. So, one could
expect that activity of some groups of chemosensitive and mechanosensitive
receptors in the gastric wall will be changed. If the visceral theory of sleep is
correct it was reasonable to expect that after water administration background
neuronal activity and general pattern of slow wave cortical EEG could be changed
also. On the other hand, taking into the account cerebral homeostatic mechanisms,
it was extremely unlikely that water administration into a stomach could provide
any direct, non-neural influence on the cortical neuronal activity (i.e. via blood
flow).

The water administration during SWS leads to prolongation of SWS episode.
Later SWS was replaced by rather unusual state of sleep. Behaviourally it looked
as very deep sleep. However, in EEG short episodes of slow waves alternated with
short intervals of desynchronization, which probably could be considered as
inclusions of short REM sleep episodes. Analysis of cortical neuronal activity
during periods of SWS before and soon after water infusion revealed
reorganization of the fine pattern of neuronal firing. This reorganization reflected
in the changes of slopes of the curves represented dependence of Fano factor on
the length of the studied time intervals of neuronal firing. Significant changes of
slope were observed for about 40% of studied neurons.

All described effects of interaction between gastro-intestinal and central
nervous system were observed only during periods of SWS. We have never seen
any sign of such interaction during periods of REM sleep.

What might be the function of REM sleep in the frame of the visceral
theory? We had mentioned earlier that slow wave pattern of EEG can be defined
by periodic visceral activity like gastro-intestinal peristaltic or respiration. It well
might be that control of some other visceral organs like liver, kidney or organs of
reproductive system may not be connected with so synchronous periodic firing,
and cortical processing of information from those organs will not be connected
with appearance of slow wave cortical oscillations. We should not forget that brain
itself also is one of the body organs, and also needs regulation and maintaining of
its visceral parameters. We propose that during REM sleep cerebral cortex is
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involved in the processing of signals coming from such "non-rhythmic" visceral
systems. If connection of the cortical activity with periodic visceral activity during
slow wave sleep was proved by various direct experiments, above mentioned
proposal concerning REM sleep function is our current working hypothesis, which
needs further experimental check. First encouraging results on this way are already
obtained.

Most likely all visceral systems are represented in the cerebral cortex during
sleep. Involvement of the highest levels of the central nervous system, up to the
cerebral cortex in mammals in the processing of the visceral information during
periods of sleep may be the main if not the only function of sleep. Further
investigation of this topic is a promising direction for the future physiological
studies. Results of these investigations most likely will influence on the general
understanding of the brain functioning also in wakefulness.
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During slow-wave sleep the field potentials reveal large amplitude slow-
waves and during waking state and REM sleep cortical field potentials show
activated pattern, composed of fast and low amplitude oscillations. Cortical field
potential recordings reflect intracellular activities of neuronal populations. The
objective of the present study was to understand how neuronal activities contribute
to the generation of field potentials. During slow-wave sleep the membrane
potential of cortical neurons undergoes large amplitude fluctuations. The
hyperpolarizing phase of membrane potential correspond to depth-positive local
field potential components. The depth-negative components of field potentials as
well as during waking state and REM sleep the membrane potential of majority of
cortical neurons is depolarized and the neurons fire action potentials. During
depolarizing components of all these states, the fast-spiking (inhibitory) neurons
fired at higher frequencies than other neurons. Conductance measurements
demonstrate that inhibitory activities dominate active cortical states. In quiet
wakefulness, due to intense firing of inhibitory interneurons, a half of cortical
regular-spiking neurons is relatively hyperpolarized and these neurons either do
not fire action potentials or fire at very low rates. Intracellular activities of
thalamocortical neurons were less investigated during natural states of vigilance.
Our current study demonstrates that thalamus contributes to the generation of
cortical slow oscillation, although cortical networks are able to produce slow
oscillation without any other structure.
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The anxiety reaction in wakefulness is determined by individual's processes
of activation and synchronization of the brain and described by the level of
anxiety. We may guess on the changes in activity of the cerebral regulatory
systems during sleep-wakefulness cycle looking at the anxiety manifestations, the
cerebral reactions on stimuli. Integration of the facts about reorganizations of
mammal and human organisms which are due to environmental factors, is very
important for understanding the individual mechanisms of the anxiety reaction in
sleep-wakefulness cycle. The assessment of these reorganizations during the period
of many days opens the possibilities in researching physiological adaptation. The
combination of the studies of intact sleep and wakefulness with the same of
characteristics of nervous system reaction on stimuli, which depend on individual
anxiety reaction and dynamic of sleep, is especially valuable.

This approach to observe the detection of anxiety reaction during several
days period for the adaptive facilities of organisms is substantiating here. This
summary is important for ascertainment of the role of mammals adaptation to
environment, it is a value for understanding the regularity of organism vital
functions in sleep-wakefulness cycle.

They are useful for ascertainment of etiology of sleep and wakefulness
disorders, due to long-term exposure of the higher level of anxiety. As the
summary of clinical and experimental notions about neurophysiologic mechanisms
of individual anxiety reaction in sleep-wakefulness cycle in modern somnology is
especially important in such cases when we may come closer to the understanding
the nature of physiological adaptation of the organism to environment changes.
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OT CHA K MHAUBUAYAJIBHOCTHU TPEBOKHOI'O PEAI'MPOBAHUA
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TpeBoxHOE pearupoBaHue B 00JIpCTBOBAHUU 00yCIIOBJIEHO
WHJMBUAYabHOCTHIO  AKTUBAIMOHHBIX W  CHUHXPOHU3UPYIOIIMX  IPOIIECCOB
TOJIOBHOTO MO3ra U XapaKTepU3yeTcs YpOBHEM TpeBOKHOCTU. [lo mposiBienusm
TPEBOXKHOCTH, IO PEAKIUsIM MO3ra Ha pa3IpaKUTEId HMEETCS BO3MOXKHOCTH
CYIUTh O MEPECTPONKaX B JIESITEIBHOCTH IIEPEOPATbHBIX PETYISTOPHBIX CUCTEM B
UK€ CoOH — OoapcTBoBaHue. O00OIIEHNE CBEACHUN 00 3THX MEPECTpPOUKax y
TEIUIOKPOBHBIX >KMBOTHBIX U YEJIOBEKAa B Pa3HOOOpa3uu U3MEHEHUH B OpraHu3Me,
WHULIMMPOBAHHBIX  (aKTOpamMu CpeAbl — T03BOJSET TMOHITH MEXaHU3MBbI
WHJIMBUAYaJbHOCTA TPEBOXKHOTO pPEArdupoOBaHMs B LUKJIE COH - OOJPCTBOBAHUE.
MHOrocyTo4HO€ OlICHMBAaHHE YKa3aHHBIX MEPECTPOEK, OOIBITUHCTBO U3 KOTOPHIX
00yCJIOBJIEHBI B3aUMOJICCTBUEM OpPraHM3Ma C OKPY’Kalollel cpeoi, OTKPhIBAET
HOBBIE BO3MOKHOCTH B U3YYEHHUU (PU3HOJIOTMYECKOM ajanTaluu. 371eChb 0COOYIO
IIEHHOCTb MPEJICTABISAET COUeTaHUE UCCIIEIOBAHUS MTOKa3aTeIe HHTAKTHOTO CHA U
0O0JIpCTBOBAHUSI C M3YYEHHEM IOKa3aTelie pearupoBaHUsl HEPBHOW CHCTEMBI Ha
pa3ipaxxuTenu, OPraHU30BAaHHBIE C YYETOM HWHAMBHUAYAJTbHOCTH TPEBOXKHOTO
pearupoBaHus U JUHAMHUKHU CHA.

OO0oCHOBBIBAaETCS  MPEJCTABICHUE O TMOJb3€ YKa3aHHOTO MOJXO0Ja
MHOTOCYTOYHBIX HAOJIOJICHUN [Ji1 BBISIBJICHUSA CBSI3€M HMHAMBUIYaTbHOCTHU
TPEBOXXKHOTO pEarupoBaHUs U aJaNTallMOHHBIX BO3MOXXHOCTEH OpraHu3Ma.
[Tonyuennbie 00001IEHNS UMEIOT 3HAYEHUE ISl BBISICHEHHS CYIIECTBa aJanTaluu
MJIEKOMUTAIOMUX K cpelAe oOuTaHus, YTO BaXHO JJi1  [OHUMaHUS
3aKOHOMEPHOCTEH KU3HENAEATEIbHOCTH OpraHn3Ma B IIUKJIE COH - 0OJIPCTBOBAHUE.
OHU TakKe TOJIe3HbI [JIi BBISICHEHHMS O3THOJOTHM PAcCTPOMCTB CHa U
00JIpCTBOBAHUS, OOYCIOBIECHHBIX MPOJOKUTEIBHBIM  BIUSHUEM  BBICOKOTO
YPOBHA TPEBOXKHOCTH. Tak Kak B COBPEMEHHOW COMHOJIOTHH 0000IIeHUE
KIIMHUYECKUX M 3KCIMEPUMEHTAIbHBIX MPEACTABICHUM O HEHPOPU3UOIOTHUECKUX
MEXaHU3Max HHAUBUYATbHOCTH TPEBOXKHOTO pPEArupoBaHMsl B ILHUKIE COH —
00JIpcTBOBaHME HamOOJIee aKTyallbHO TOTJa, KOTJa MO3BOJSET MPUOIMU3UTHCS K
MOHUMAHHUIO OPUPOAbl (HU3UOJIOTUYECKONW afanTallid OpraHu3Ma K HW3MEHEHUSIM
OKPY’KalOIIEH €ro Cpesbl.
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Summary

The electrical activity of the brain does not only reflect the current level of arousal,
ongoing behavior or involvement in a specific task, but is also influenced by what kind of
activity, and how much sleep and waking occurred before. The best marker of sleep-wake
history is the electroencephalogram (EEG) spectral power in slow frequencies (slow-wave
activity, 0.5-4 Hz, SWA) during sleep, which is high after extended wakefulness and low after
consolidated sleep. While sleep homeostasis has been well characterized in various species and
experimental paradigms, the specific mechanisms underlying homeostatic changes in brain
activity or their functional significance remain poorly understood. However, several recent
studies in humans, rats and computer simulations shed light on the cortical mechanisms
underlying sleep regulation. First, it was found that the homeostatic changes in SWA can be fully
accounted for by the variations in amplitude and slope of EEG slow waves, which are in turn
determined by the efficacy of cortico-cortical connectivity. Specifically, the slopes of sleep slow
waves were steeper in early sleep compared to late sleep. Second, the slope of cortical evoked
potentials, which is an established marker of synaptic strength, was steeper after waking and
decreased after sleep. Furthermore, multiunit activity recordings during sleep revealed that
cortical neurons fired more synchronously after waking, and less so after a period of
consolidated sleep. The decline of all these electrophysiological measures - the slopes of slow
waves and evoked potentials and neuronal synchrony — during sleep correlated with the decline
of the traditional marker of sleep homeostasis, EEG SWA. Taken together, these data suggest
that homeostatic changes in sleep EEG are the result of altered neuronal firing and synchrony,
which in turn arise from changes in functional neuronal connectivity.

1. Brain activity in waking and sleep

A fundamental difference between wakefulness and sleep is the extent to
which the brain is engaged in the acquisition and processing of information. In all
species carefully studied so far, waking and sleep alternate on a regular basis and
wakefulness never lasts spontaneously for more than several hours [1, 2],
suggesting that sleep serves some vital role. The maintenance of waking and sleep
states 1s regulated by the activity arising from several subcortical structures in the
brainstem, hypothalamus and basal forebrain, which provide neuromodulatory
(monoaminergic, glutamatergic, GABAergic and cholinergic) action on the
neocortex [3]. Importantly, the same neuromodulatory systems are involved in
attention, cognition, behavior and many other aspects of the regulation of internal
states and the interaction with environment. At the EEG level, wake in rodents is
traditionally distinguished from NREM sleep by the virtual absence of large-
amplitude slow waves, and by the presence of pronounced ~7-9 Hz activity
presumably arising as a result of physical spread of theta activity from the
hippocampus [4]. Cortical neuronal firing patterns in wakefulness and another
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activated state, REM sleep, are profoundly and characteristically different from
those in NREM sleep [5, 6]. Overall, neuronal discharge in waking is largely fast
and irregular, although it 1s determined strongly by behavior and involvement in
specific tasks. During NREM sleep, instead, the neocortex is functionally
disconnected from the surrounding, and the most distinctive feature of the EEG is
the near-synchronous occurrence of slow waves in all or most cortical areas [7].
The fundamental cellular phenomenon underlying sleep EEG slow waves is the
slow oscillation, comprised of a depolarized UP state and a hyperpolarized DOWN
state, during which cortical cell ceases firing [8]. The global cortical pattern of
activity in NREM sleep consists of an alternation between periods of elevated
neuronal firing (ON periods), lasting several hundreds of milliseconds, and shorter
periods of generalized silence, corresponding to the negative phase of EEG slow
waves.

2. Global and local regulation of sleep

The function of sleep is likely to be closely related to sleep regulation. It is
well known that sleep is regulated homeostatically [9]. In most species, sleep
pressure increases as a function of time spent awake and decreases in the course of
sleep. The best characterized physiological indicator of the sleep-wake history is
the level of EEG slow-wave activity (SWA, EEG power between 0.5 and 4.0 Hz)
during NREM sleep [9]. In mammals, sleep SWA is high in early sleep, when
sleep pressure is increased physiologically, and decreases progressively to reach
low levels in late sleep [10]. Moreover, sleep SWA increases further with sleep
deprivation, and is reduced by naps [2]. Over the last two decades multiple studies
showed that during spontaneous sleep SWA is not uniform across the cortical
surface, but shows topographic gradients. In both humans and animals, SWA 1is
more intense in the frontal derivations, especially in early sleep or after sleep
deprivation [11, 12]. Moreover, peripheral stimulation or spontaneous use of
circumscribed cortical areas leads to more intense local slow waves [13, 14].
Finally, local, topographically distinct enhancement of slow waves was associated
with learning of a motor task [15, 16]. Such observations suggested that local
neuronal activity during waking could affect the intensity of subsequent sleep in a
selective manner.

3. Cortical mechanisms underlying sleep homeostasis

Experiments in humans and rats suggested that high levels of EEG SWA in
spontaneous early sleep or after sleep deprivation are brought about by i) more
frequent occurrence of high amplitude slow waves and i1) more synchronous
cortical activity, as measured by slow wave slopes [17, 18]. Computer simulations
[19] revealed that changes in slow wave slope can be accounted for by the speed of
recruitment/decruitment of neurons in the population slow oscillation (the steeper
the slope, the quicker the recruitment), which was determined by the efficacy of
cortical connections. Consistently, we found that the slope of the first early
component of the cortical evoked response increased on average by 22% from the
beginning to the end of the continuous waking period, and this change was
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reversed by subsequent sleep [20]. Thus, an electrophysiological indicator of
synaptic efficacy - the slope of the early component of cortical evoked potentials —
was high after spontaneous wakefulness and low after spontaneous sleep. Finally,
by recording cortical neuronal activity during sleep, we found that cortical neurons
fire more and more synchronously after waking, and less so after a period of
consolidated sleep [21].

We suggest that these changes in brain activity can account for the
detrimental effects of sleep deprivation. It is well known that sleep loss has
profound effects on behavior, psychomotor and cognitive functions. For example,
sleep deprivation leads to attention lapses, mistakes in cognitive tasks [22] and
microsleeps [23]. During acute and chronic sleep deprivation slower EEG activity,
including SWA (0.5-4 Hz) or low theta (5-7 Hz) activity, leaks into periods of
waking, and it does so in a region-specific manner [24, 25]. Moreover, when wake
is prolonged beyond its physiological duration, brain metabolism tends to decrease
[26], suggesting that the brain may partially switch into a sleep-like mode.
Moreover, we found recently that after sleep deprivation, local populations of
cortical neurons in awake rats start undergoing brief OFF periods similar to those
occurring during NREM sleep [27]. Thus, even during behavioral wakefulness,
local populations of neurons in the cortex may be falling asleep, with potential
negative consequences on performance.

Conclusions

The principal observations presented here can be summarized as follows:
physiological or prolonged waking leads to 1) increased incidence and steeper
slopes of EEG slow waves; 11) increased slope of the early component of evoked
field potentials; ii1) increased synchrony among cortical neurons; iv) increased
incidence of local neuronal sleep. We suggest that the changes in brain activity
incurred during waking may account for behavioral deficits typical for sleep loss.
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Introduction: In recent years, there has been a great interest in the
epidemiology of insomnia. However, very little data are available on the
prevalence of sleep problems and related resources by people with sleep
complaints among Georgian population. This was first study to evaluate sleep
complaints/disturbances in the inhabitants of Tbilisi, a capital city of Georgia.

Methods and Participants: The participants were representative of the
largest districts of Tbilisi. 501 respondents (90 males, 411 females) between the
ages 18 and 78 years were included in the study. Individuals who reported
moderate or severe difficulties at least three times per week over the preceding
month were included in the analysis. We classified insomnia symptoms in terms
of: difficulty initiating sleep (DIS), difficulty maintaining sleep (DMS) and
nonrestorative sleep (NRS).

Results: Of participants, 150 (30 %) reported DIS and was more prevalent
among women (32%) than in men (22%), 85 (17%) % complained of DMS, 85 (17
%) reported early awakening, 38 (8%) complained of not getting enough sleep and
125 (25%) reported NRS. Insomnia was diagnosed in 30 (6%) of the total sample,
and female gender was found to be significant predictor of insomnia. It was noted
that 32% awaked at 6-8 p.m. and 52% - at 08:00-10:30 p.m.; 10% spent at least 30
minutes in bed after awakening.

Conclusion: The results of the present work indicate on the necessity to
continue a longitudinal study on the epidemiology of insomnia in Georgian general
population in relation to different comorbid medical conditions.
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The aim of our studies was to develop a way to investigate influence of
monotonous activity on visually-motor coordination during the moments before
appearance of behavioural errors, caused by decrease of wakefulness level.

The experimental model looked as follows: target object was a small round
spot which moved with constant slow rate on a circular orbit.

We have performed 4 series of experiments. The first series (without the
satellite) has been designed to cause a state of monotony in a subject. In second
series we added a satellite constantly orbiting the main target. Subjects had to press
mouse button, making satellite change color. In the third series (without
deprivation) and in the fourth series (with a partial deprivation) the satellite
appeared with random intervals. Subjects had to bring the cursor to the satellite and
press the mouse button.

We compared parameters of visually-motor coordination in awake and in
drowsy states.

In the first (preliminary) series we have found out the mistakes associated
with monotony development. In the second series (N=10) besides errors,
characteristic for the first series, the augmentation of a latent period (LP) of the
mouse button pressing from 643+157ms to 678+259ms was also observed.

In the third series (N=13), during the decrease in wakefulness level we
observed the augmentation of eyegase LP (time between appearance of the satellite
and the beginning of fast eye movement - saccades) from 291+110ms to
342+144ms, cursor movement LP from 440+121ms to 463+136ms and mouse
button pressing LP when cursor got to the satellite 1296+365ms to 1408+322ms.

In the fourth series (N=19), at depression of wakefulness level we observed
significant increase in reactions LP: 380+130ms to 490+110ms for saccade
beginnings, 430+190ms to 483+212ms for mouse movement LP and 1236+331ms
to 1385+343ms for pressing the mouse button LP.

Thus, deprivation increased LP of saccade start, mouse movement start and
mouse button press when cursor reached the satellite, as in alert so in drowsy
states.

Support: RAS Presidium Fund
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3amadeii padoThI ObIIA pa3pabOTKa METOIOIOT MM, TIO3BOJISTFOITICH UCCIISIOBATE 3PUTEIIHHO-
MOTOPHYFO KOOPIMHALIMEO [PY PA3BUTHH IPEMOTBL, BbI3BIBAEMON MOHOTOHHOM JIESITEIIBHOCTBIO.

OKcrnepuMeHTaIbHAsT MOJIENTh BBIIVISTIENA CIIGAYIOIMM 00pa3oM: LIETIEBbIM OOBEKTOM
CITY>KIJIO HEOOJBIIIOE KPYIVIOe TISITHO, KOTOPOE JIBUTayiacCh HA HKpaHe MOHUTOpA C TIOCTOSHHOU
MEJIIEHHOM CKOPOCTBIO 110 KPYrOBOM OpOuTe.

Hamu 6w110 ripoBesieHo 4 cepun onbIto. [lepsast cepust (0e3 JOMOMHUTETEHOTO CTHMYIIA)
ObUIa HAIpaRIICHA HA PA3BUTUE Y UCTIHITYEMOTO COCTOSIHHSL MOHOTOHHU. VcTbITyeMblii ToImkeH
ObUT yIEpXKUBATh Kypcop MBIIM BHYTpH 1iei. Bo BTOpoi ceprr OMbITOB TeCT ObLT JIOMOHEH
JIOTIOJTHUTESTHHOM TIEITBIO - CATEITUTOM, TIOCTOSIHHO BpAITIABIIIMMCS 110 OPOUTE BOKPYI' OCHOBHOM
1IeJM, Haylo OBUTO HaXKaTh KIIABHIIy MBI B MOMEHT M3MeHeHus e 1Beta. B tpetneit (0e3
JISTPUBAIAM CHA) U YETBEPTOM (C YACTHYHOM JICTIPUBAIMEN CHA) CEPUSIX - CATEIUTUT MOSIBILUICS B
CITy4aliHbI MOMEHT BpeMeHH. Haio ObUTO MIENKHYTh KJIABUITICH MBIIIIH M0 CATEIUTUTY B MOMEHT
ero mosieieHus. JIBIDKEHHsT Ta3 PErvcTpUpPOBATUCH C TIOMOIIBIO CHUCTEMbBI BHUJICOTPEKUHTA.
PeructpupoBariace 901" (C3, C4). CpaBHMBAIMCH TOKAa3aTelld  3PUTEIILHO-MOTOPHOM
KOOPIMHALIMH B JIBYX COCTOSIHUSIX: OOPCTBOBAHMN U TPU Pa3BUTHH JIPEMOTBHL

B niepBoii ceprrt OMbITOB ObLTH BbISIBIIEHBI OIIMOKY B TIPOCTICKMBAHUH 1IEITH, CBSIZAHHBIE C
pasBuTHeM MoHOTOHHMH. Bo BTopoii ceprnt orbItoB (N=10) MOMIMO OIIMOOK, XapaKTEPHbIX JIst
TIEPBOM CEpUM, TPU CHIKEHMHM YPOBHSI OONPCTBOBAHMS HAOMIOAATIOCH TAKKE YBEIMUCHHE
narentHoro nepuosa (JIIT) BpeMeHn Haxkatvisi Ha KHONKY MbIM oT 643+157mc 10 678+259mc.

B tperseit ceprm (N=13), mpu CHWKeHWM YpPOBHS OOIPCTBOBAHMS, HAOMIONATIOCH
yeermuenre JIIT B3opa (BpeMeHH MEXTy TOSBICHUEM CaTelIdTa M HA4ajoM - CAaKKaJbl) OT
291+110mc o 342+144wmc, JIIT nagana nmwkenns MM ot 440+£121mc no 463+136me u JII
HOKATYS KIIABUIIN MBILLIH TPX NONAZaHNY Kypeopa B caresut 1296+365me o 1408+322mc.

B uerséproii cepunt (N=19), npu CHwKeHMH YpPOBHs OOMPCTBOBAHMS, HAOIHONIAICS
JIOCTOBEPHBI POCT JIATEHTHBIX TIEPUOJIOB PEAKIMi: Havama cakkaapl or 380+130mc 1o
490+110mc, JIIT magama mewkenmst Mpmm oT 430+£190mc no 483£212mc m JIII Hakarms
wiapuim 1236433 1mc o 1385+343mc.

Taxum 00pasoM, erprBalys CHa BbibIBAIO yBemyeHve JIII: Hayana cakkapl, Hadano
JIBVDKEHUSI MBILIY Y HOKATHS! HA KHOTIKY MBIILIH TPY JIOCTYKEHNH 1IEJTH, KaK [P OOAPCTBOBAHUY,
TaK Y TIPU IPEMOTE.

Padora BeinostHeHa mpu moaaep:xkke ¢pouaa [pesuauyma PAH-«®@HM»
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SLEEP-RELATED CHANGES IN BLOOD PRESSURE IN HYPOCRETIN-
DEFICIENT NARCOLEPTIC MICE

Bastianini S., Berteotti C., Lo Martire V., Silvani A., Zoccoli G.
Department of Human and General Physiology,

University of Bologna

Bologna, Italy

e-mail: stefano.bastianini3(@unibo.it

Objectives. Blood pressure (BP) physiologically has higher and lower
values during the active and rest period, respectively. Subjects failing to show the
appropriate BP decrease (10-20%) on passing form diurnal activity to nocturnal
rest and sleep have increased risk of target organ damage at the cardiac, vascular
and cerebrovascular levels.

Hypocretin (HCRT) releasing neurons, mainly located in the lateral
hypothalamus, project widely to the central nervous system. Thus HCRT neurons
are involved in several autonomic functions, including BP regulation. HCRT
neurons also play a key role in wake-sleep cycle regulation, the lack of which
becomes evident in HCRT-deficient narcoleptic patients.

We investigated whether chronic lack of HCRT signaling alters BP during
sleep in mouse models of narcolepsy.

Methods. The main study was performed on HCRT-ataxin3 transgenic mice
(TG) with selective post-natal ablation of HCRT neurons, HCRT gene knockout
mice (KO) with preserved HCRT neurons, and Wild-Type control mice (WT) with
identical genetic background. Experiments where replicated on TG and WT mice
with hybrid genetic background (hTG and hWT, respectively).

Mice were implanted with a telemetric pressure transducer (TA11PA-C10,
DSI) and electrodes for discriminating wakefulness (W), rapid-eye-movement
sleep (REMS) and non-REMS (NREMS). Signals were recorded for 3 days. Mean
BP values were computed in each wake-sleep state and analyzed by ANOVA and
t-test with significance at p<0.05.

Results. The decrease in BP between either NREMS or REMS and W was
significantly blunted in TG and KO with respect to WT as well as in hTG with
respect to hWT.

Conclusions. Independently from the genetic background, chronic HCRT
deficiency leads to a decreased BP difference between W and sleep potentially
adverse in narcoleptic subjects. These data suggest that HCRT play an important
role in the sleep-dependent cardiovascular control.
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EVALUATION OF POLYSOMNOGRAPHY AND HEMODYNAMIC
INDICES IN HEALTHY YOUNG WOMEN WITH DIPPER AND NON-
DIPPER DAILY PROFILES

Bazhenova E.A.

Derzhavin State University
Tambov, Russia

e-mail: el-bazhen@yandex.ru

Violation of the circadian rhythm with low blood pressure (BP) decrease at
night is a prognostic predictor in the development of cardiovascular complications
in hypertensive patients. In the literature, we did not meet research on
characteristics of polysomnography and hemodynamic in patients with different
circadian blood pressure profile and the possible involvement of an imbalance of
autonomic nervous system in violation of circadian blood pressure profile in
healthy individuals like adolescents. However, the study of these issues will not
only develop recommendations aimed at improving the quality of the survey, but
improved methods of monitoring and treatment of patients with hypertension
depending on the circadian BP profile.

As a result, the purpose of this study was to investigate the
polysomnographic and hemodynamic parameters during nocturnal sleep in healthy
young women with a daily profile ‘dipper’ and ‘non-dipper’.

A total number of 90 healthy young women - students, Tambov State
University named after GR Derzhavin adolescents (19 to 21 years, 20 & 1 years old
on average), had blood pressure within normal range (120-139/80-89 mmHg.
Cent.) (GFCF, 2004).

All the participants were examined with an automatic BPM Monitor "TIR-
NA-01 (LLC DMS Advanced Technologies", Moscow). In healthy women with a
daily profile ‘dipper’ (the degree of nocturnal BP reduction of 10-22%) and ‘non-
dipper’ (the degree of nocturnal BP decrease was less, than 10%) performed
polysomnography (PSG) study with a parallel and simultaneous monitoring of
hemodynamic parameters. The data were analyzed using the program
"STATISTICA 6.0".

During the PSG study among women with a daily profile ‘dipper’ and ‘non-
dipper’ found significant (p<0,05) differences in performance of PSG in these
groups. The presence of the phenomenon of ‘non—dipper’ associated with sleep
quality of subjects and the values of PSG parameters.

Duration the first and second stages, REM-sleep and reduced the duration of
total time In individuals with daily profile ‘non — dipper’, recorded an increase the
third and fourth stages of NREM-sleep. In addition , there are latent of particular
stages and of sleep as a whole, get higher , increasing the total time of movement
and wakefulness during sleep and which leads to a decrease in sleep efficiency.

Thus, patients with daily profile of ‘non-dipper’ dream turns out to be more
superficial and fragmented, although it is known that hormones in FF CMC
promotes deeper sleep stages and increase sleep quality.
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The probable cause of this fact can serve as the low concentration of
melatonin before sleep, resulting in an increase in parasympathetic activity which
could not serve as a violation of the circadian rhythm in healthy young women
with a daily profile of ‘non-dipper’.

Synchronous with the GSN monitoring of hemodynamic parameters was
found to a significant of (p<0.05) dependence on circadian blood pressure profile
of girls. For the girls with daily profile ‘dipper’ during a night of sleep is
characterized by normal kinetic type of blood circulation, and for the girls with
daily profile of ‘non-dipper’ - hyperkinetic type of circulation (GrTK).

OHNEHKA ITOJTUCOMHOI'PA®PUYECKHUX U TEMOAUWHAMMNYECKHUX
IHOKA3ATEJIEHN Y 3JOPOBBIX JIEBYHIEK C CYTOYHbIM
IHPO®UJIEM DIPPER U NON-DIPPER

bascenosa E.A.

Tamoboeckuii cocyoapcmeennstit ynueepcumem um. I'.P. /leprcasuna,
Meouyunckuit uncmumym

Tamooe, Poccusa

e-mail: el-bazhen@yandex.ru

Hapyiienue cyTo4yHOro purmMa ¢ HEJ0OCTaTOYHBIM CHUKeHUEeM AJl B HOUHOE
BpeMsl SIBISIETCSI TMPOTHOCTUYECKUM TMPEAUKTOPOM B PAa3BUTHH  CEPJIEUYHO-
COCYJIUCTBIX OCJIOXHEeHHM y OonbHbIX Al. B nurepaType Mbl HE BCTpPETUIN
UCCIIEIOBAHUM KacaroluXcs OCOOCHHOCTEHN MOIMCOMHOTpaduu U reMOAMHAMUKHU
MPU Pa3IMYHBIX CYTOYHBIX mpoduisix A/l m BO3MOXKHOTO yyacTus aucOanaHca
BEreTaTUBHON HEPBHOW CHCTEMBbI B HapylleHUU cyTouHoro npoduist Al cpeau
3I0POBBIX JIMI] IOHOIIECKOrO0 Bo3pacTa. BMmecTe ¢ TeM, M3yueHue 3TUX BOIMPOCOB
MO3BOJIUT HE TOJIBKO pa3padoTaTh PEKOMEHAINH, HAITPABJICHHBIEC HA MOBBIIICHUE
KaduecTBa OOCIEIOBaHMS, HO YCOBEPIICHCTBOBATH METOAUKY JMHAMUYECKOTO
HaOIIOJICHUS U JIeYeHUs MaiueHToB ¢ Al' B 3aBUCUMOCTU OT CYTOYHOTO TpOQuis
ALl

B pesynbrate 3TOr0, 11€/1hI0 HACTOSIIETO UCCIEIOBAHUS SIBUJIOCh M3YUYECHHE
MOJIMCOMHOTpa(pUUECKUX U TEMOJAMHAMUYECKUX IOKa3aTelied BO BpeMsi HOYHOTO
CHA y 37I0pOBBIX JIEBYIIEK C CyTOUYHBIM Mpoduiiem «dipper» u «non-dipper».

O6cnenoBano 90 3M0pOBBIX JIEBYIIEK - CTYASHTOK TaMOOBCKOIO
rocyJapCTBEHHOr0 yHUBepcuTeTa uMeHu ['.P. JlepkaBuHA IOHOIIECKOrO BO3pacTa
(ot 19 no 21 rona, 20+1 net B cpenuem), umeBmux A/l B npenenax Hopmsl (120-
139/80-89 mm prt. cT.) (BHOK, 2004).

Bcem wnccnenyembim nipoBoauinoch CMAJ[ ¢ moMOIIBIO aBTOMAaTHYECKOTO
mouutopa «MIII-HC-01» (OO0 «AMC IlepenoBsie Texnonoruun», Mockpa). ¥
3I0POBBIX JIEBYIIEK C CYTOUYHbIM mnpoduiem «dipper» (cTeneHb HOYHOTO
cumxenust AJl coctaBnsier 10-22%) u «non-dipper» (cTerneHb HOYHOTO CHUKEHUS
AJl cocraBager < 10%) mpoBomguiock mnoaucoMmHorpadpuueckoe (I1CI)
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UCCIIEJIOBAHUE C  TMapauielibHbIM U CUHXPOHHBIM  MOHHUTOPHUPOBAHHEM
reMoJIMHaMHU4YeCKuX Moka3areneil. O0padoTka JaHHBIX MPOBOAMIIACH MTPU MTOMOIIHU
nporpammsl “STATISTICA 6.0”

B xome mposenenus IICI' uccnepmoBanus cpenm IEBYIIEK C CYTOYHBIM
npoduieM «dipper» u «non-dipper» ycranoBuiu goctoBepHsie (p<0,05) paznuuus
nokazarenei [ICI' B »tux rpynnax. Hanumume ¢enomena «non - dipper»
aCCOIMUPYETCS C KaueCTBOM CHa ucnbITyeMbIX 1 3HaueHusiMu [ICI" nokazaresneil.

VY nun ¢ cyTouHbIM nipoduneM «non - dipper», perucTpUupyeTcs YBEIMUCHHE
NPOJOKUATENILHOCTA  1-0 W 2-oi  cramuii, REM-cHa ® CHIXeHHE
MPOJOIKUTENLHOCTU 3-ei1 U 4-oil ctaguii NREM-cHa. Kpome Toro, Bo3pacraer
JATEHLUs K OTJAEIbHBIM CTaJAUsIM U KO CHY BOOOIIE, YBETUUUBAETCS 001Iee BpeMs
JIBWKEHUM U OOJPCTBOBAaHUSA BO BpEMsl CHAa, YTO MPUBOJUT K CHUXKEHHIO
3(eKTUBHOCTH CHA

Takum o00pa3oMm, y JuIl C CyTO4YHBIM mpoduieM «non-dipper» CcoH
OKa3bIBaeTCs, 00Jiee MOBEPXHOCTHBIM M ()parMEHTUPOBAHHBIM, XOTS U3BECTHO, UTO
ropMmoHanbHbIl o B P OMI] cnocoOcTBYET pa3BUTHIO Oosiee TIyOOKUX CTaaui
CHA U YBEJIMYCHUIO €T0 KauecTBa.

BeposatHoli mnpuuumHON HaHHOrO (akTa MOXKET TMOCIYXKUTh HHU3Kas
KOHIICHTpAIlUsl MEJIAaTOHWHA Tepe]] Ha4aJloM CHA, B PE3yJIbTaTe YEro yBeJIUYECHUE
MapacUMIIAaTUYECKON aKTUBHOCTH MPOUCXOJUT B HEJOCTATOUYHOM CTENEHU, YEMY
MOXET MOCTYXUTh HAPYUICHUE IUPKAJIUAHHOTO PUTMA Yy 3JI0POBBIX JEBYIIEK C
CYTOUYHBIM MTpoduieM «non-dipper».

IIpu cunxponnom ¢ IICI' MOHUTOPHMPOBAHMM TI€MOJAMHAMHYECKUX
nokazarenei ObuUla BbIsIBIEHa uX JocTtoBepHas (p<0.05) 3aBUCUMOCTH OT
cytouHoro npoduins AJl nesymex. [{ns geByuiek ¢ cyTouHsIM mpoduieM «dipper»
BO BpEMSI HOUHOI'O CHA XapaKTepeH HOPMOKUHETHUYECKUM TUIT KpOBOOOpaleHusl, a
JUISL JIEBYIIEK C CYTOYHbIM mpoduiieM «non-dipper» — TUNEPKUHETUYECKHUIN THII
kpoBooOpamenus (I'pTK).
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TESTOSTERONE LEVEL AND BODY COMPOSITION IN SEVERE
OBSTRUCTIVE SLEEP APNEA (OSA) PATIENTS

Bercea R.I’Z, Cojocaru E.Z, Mihaescu T."?

'Clinic of Pulmonary Diseases lasi, Romania

*University of Medicine and Pharmacy “Gr. T. Popa” lasi, Romania
email: ralbercea@yahoo.com

Background: OSA was associated with low serum testosterone level and
changes of body composition.

Aim: Our aims were to study the correlation between body composition,
serum total testosterone level (T) and OSA severity and the reflection of low T
level on body composition in severe OSA patients.

Material and method: Study included 20 men with severe OSA (apnea-
hypopnea index (AHI)>30 events/h) and obesity (body mass index>30 kg/mz) with
ages between 40 and 60 years. Subjects with chronic severe diseases were
excluded. Body composition (body fat, water and dry lean mass) was assessed
using bioelectric impedance assay. T was performed from the blood collected in
the morning after wake up. Study group was divided in 2 groups according to level
of testosterone: low T group (n=12) and normal T group (n=8). Statistic tests used
were Pearson correlation test and t-test.

Results: In overall group was remarked a strong negative correlation
between AHI with dry lean mass (r=-0.680, p=0.030) and testosterone level (r=-
0.649, p=0.042). AHI was positive correlated with body fat (r=0.651, p=0.042).
Serum testosterone level was strong positive correlated with dry lean mass
(r=0.921, p<0.001). The difference between the two groups selected was
significant for T level (p=0.007). Regarding body composition, there were no
differences between groups for body fat (p=762) and body water (p=0.263), with
significant difference for dry lean mass (low T group 16.36+2.7 % vs. normal T
group 20.55+2.3 %, p=0.04).

Conclusion: We conclude that severe OSA associated with low serum
testosterone level determines an excessive supplemental decrease in dry lean mass.
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ALPHA-RHYTHM IN DIURNAL EEG AND SLEEP-SPINDLES IN
NOCTURNAL SLEEP IN PATIENTS WITH STENOSIS AND
OCCLUSION OF THE INTERNAL CAROTID ARTERY

Berezina I.U., Sumsky L.1I.

Sklifosovsky Institute for Emergency Medicine
Moscow, Russia

e-mail: berezinai@mail.ru

The aim of this study was to find a correlation between o-rhythm
disturbances of EEG awake-stage and features of sleep spindles in patients who
have the internal carotid artery occlusion or stenosis.

Materials and methods: 24 patients (20 male and 4 female) were examined.
The mean age of men was 54, 5546, 17; women — 49, 2549, 29. 11 patients had
ischemic stroke of the right middle cerebral artery territory and 13 patients had
ischemic stroke of the left middle cerebral artery territory in the past history. 13
patients had the left internal carotid artery occlusion and stenosis, 10 patients had
the right internal carotid artery occlusion and stenosis and 1 patient had bilateral
damage of the internal carotid arteries. The EEG awake-stage was recorded with
«Neuro-Spectr-5/EP»  («NeuroSoft», Russia) according to international
recommendation. The same device and «Delta Flash» («Deltamed», France) were
used for polysomnography. Stages of sleep were identified according to A.
Rechtshaffen and A. Kales (1968) criteria.

Results: a-rhythm gain-frequency asymmetry of routine EEG did not found
in 7 cases. Asymmetry of sleep spindles recorded during night sleep did not found
in the same cases. A-rhythm gain-frequency characteristics disturbances of routine
EEG on the site of disorder were noted in 7 other cases. These kinds of
disturbances were associated with decreased force of sleep spindles on the site of
disorder. It was mainly noted in the left internal carotid artery damage (5 patients).

3 patients (2 patients with the left internal carotid artery occlusion and 1 with
bilateral stenosis of the internal carotid arteries) did not have a-rhythm and sleep
spindles. There was 1 patient with bilateral stenosis of the internal carotid arteries
who did not have a-rhythm, but have bilateral reduced features of sleep spindles.

4 patients with the right internal carotid artery damage had the a-rhythm
amplitude asymmetry. There were not found the sleep spindles asymmetry in the
same patients.

2 patients with the bilateral internal carotid artery damage had the sleep
spindles asymmetry, but did not have the a-rhythm amplitude asymmetry.
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B3AUMOCBS3b HAPYIIEHUN CTPYKTYPBI HOYHOI'O CHA,
KOI'HUTUBHBIX U DMOLIMOHAJIBHBIX PACCTPONUCTB IIPH
OKKJIIO3UOHHO-CTEHOTUYECKOM MMOPAKEHUU BHYTPEHHEN
COHHOW APTEPUU

bepezuna U.IO., Cymckun JI.H.
HHH ckopoit nomowyu um.H. B. Cknughocoeckozo, Mockea, Poccus
e-mail: berezinail@mail.ru

M3BectHO, UTO WUTENbHAST MITIEMHsI MO3ra TMPUBOIUT K HAPYIIICHHIO TATTEpHA CHA U
MOMKET TPUBOIUTH K M3MEHEHHIO KOTHUTUBHBIX (DyHKUMH. [[ebt0 HACTOSIIIErO MCCTIeIOBaH s
ObUI0 BBIIRICHHE TICUXO(DMBUONOIMUECKUX KOppeSIMA  MEXTy TapamerpaMd CHa |
KOTHUTUBHBIMU HAPYILIEHUSIMUA Y TIAIMEHTOB C OKKITFO3MOHHO-CTEHOTHYECKHM TIOpKEHUEM
BHYyTpeHHel coHHol aptepun (BCA).

Marepuan u meronbi: Beero obcrenoano 24 marmenta: 20 MyX4uH (Cp.BO3pacT —
54.55£6.17) n 4 xenumHbl (cp.Bo3pacT — 49.2549.29 7neT) ¢ HaMUMEM SIHM30/I0B OCTPOrO
HapYILIEHUsT MO3IOBOIO KPOBOOOpAILICHUS: B OacceliHe MpaBoi CpelHEN MO3IOBOW apTepud
(CMA) — 10 genoek; B Gacceiine nieBoii CMA — 14 yernoBek.

3armch CITyX0BOrO BHI3BAHHOIO MOTEHIMANIA, CBSI3AHHOTO ¢ coObITreM (P300) mpoBomum
Ha ycraHoBke «Helpor-Criektp — 5/BID» dupmbr «HeiipoCodm» (Poccust). Tlomrpadideckoe
MCCIIEIOBAHKE HOYHOTO CHA TIPOBOIITIOCH HA TOM 7K€ YCTAHOBKE, a Taroke Ha mpuodope «Delta
Flashy, pupmbl Deltamed (@paniwist). AHami3 crajiunii cHa MPOBOAMIN COITIACHO PYKOBOZCTBY A.
Rechtschaffen, A. Kales (1968).

Bcem 60i1bHBIM MPOBOIMIIOCH TICHXOJIOMMYECKOE TECTUPOBAHKE, HAMPARIICHHOE HAa OLICHKY
KOTHUTHBHBIX M AMOLMOHATIEHBIX PACCTPOICTB.

Iosydennbie pe3y abTarbl: [IpoBeicHHOE MCHXOIOMMYECKOE TECTUPOBAHKE BBISIBIIO B
75% citydaeB HapyIICHUs BHUIMAHW, CITyXOPEUYEBOM KPATKOBPEMEHHOW MaMsITH, B 42% Ctydacs
— HapylIeHUs JTMHAMHYECKOIO Tpakcrca U B 29% ciydyaeB — nmrpeccuBHOUM peun. B 83%
CITy4aeB ObUTM BBISIBJICHBI I3MEHEHVSI aMIUIATY/THO-4ACTOTHBIX XapaKTEPUCTHK KomrioHeHTa P300
C YBEJIMYEHHMEM €T0 JIATEHTHOIO MEPUOJIa PEUMYIIIECTBEHHO B TEMEHHO-BUCOYHBIX U JIOOHO-
BHCOYHBIX OOJACTSIX C HEKOTOpPhIM MpeoOrajaHieM HApYIIeHHH HAa CTOpPOHE IATOJIOTHNL
BbIsBiieHbI  KOPPEAIMOHHBIE  3ABUCHMMOCTY MEXIy HAPYILIEHHEM TIOKA3aTesici BHUMAHMS,
KpaTkoBpeMeHHOM namsity, yyHeHreM JII T kommnonenta P300 B TeMeHHO-BUCOUHOM 00M1acTv U
CHIDKECHHEM TTPEZICTARICHHOCTH TITYOOKOTO MEJICHHOTO CHA. JlaHHbBIe M3MeHeH s ObUTH OOJTbIIIe
BbIp&KEHbI TP OKKITFO3MM BCA HE3aBUCMMO OT CTOPOHBI TIOPLKEHUSI WIM JBYXCTOPOHHEM
creHoze. Tawoxe ObUIM BBIRICHBI KOPPEJSILIMOHHBIE 3aBUCHCMOCT MEKIY TOBBIIICHHBIM
YPOBHEM JIMYHOCTHOM WM CUTYaTWBHOM TPEBOXXHOCTH, HATMYMEM NPU3HAKOB JCIPECCHN U
YMEPEHHO BBIPLKEHHOTO ACTEHUYECKOr0 COCTOSIHUSI M CHIDKCHHEM TIPENICTABRIICHHOCTU
[TyOOKOTO MeJICHHOrO CHA. [IpenMylllecTBeHHO Takue 3aBUCHMMOCTH ObUTM BBIIRICHBI TPU
OKKJTFO3MOHHO-CTeHOTHYECKOM TopakeHnr BCA crieBa.
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SEARCHING FOR EARLY MARKERS OF PARKINSON DISEASE:
SLEEP STRUCTURE DYNAMICS IN MPTP-TREATED MICE

Dolgikh V. V.I, Kovalzon V.MZ, Dorokhov V.B.}
"Department of Psychophysiology, Faculty of Psychology,
Moscow State University

“Severtsov Institute E cology/Evolution

I Institute Higher Nervous Activity/Neurophysiology;RAS
Moscow, Russia

e-mail: kovalzon@sevin.ru

Parkinson disease (PD) is one of the most widespread neurodegenerative
disorders which is characterized specifically by a massive loss of neural cells
producing neuromediator dopamine (DA). Despite pronounced progress in the PD
studies, this illness still remains incurable, so the creation of adequate experimental
models and searching for early markers are the tasks of primary importance. A PD
model with s.c. injections of a low dose (12 mg/kg) of the specific toxin of the DA-
neurons MPTP (1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine) either two or four
times with the 2-hr intervals to adult male C57BL/6 mice was developed in the lab
of Prof. M.V.Ugrumov. In the former case the so-called “preclinical” form of PD
1s developed in animals within 2 weeks, in the latter case — transient form with the
same delay. The search for the early markers of PD including various sleep
disorders is of special interest. Significant increase in paradoxical sleep “pressure”
was found in a MPTP mouse model with the complete loss of all DA neurons in
substantia nigra (25 mg/kg i.p., 5 days in succession; Monaca et al. Eur.J.Neurosci.
2004. 20(9): 2474-2478). We tried to verify our working hypothesis about sleep
structure disorders in preclinical and transient forms too. Chronic electrode
implantation and prolong polygraphic recording in free-moving small laboratory
animals are related to some difficulties which we could overcome by a rejection of
the sockets, the using of a special glue for the electrode attachment and
optimization of the individual chamber size. Eight mice were simultaneously
subjected to continuous ECoG and EMG registration using two 20-channel digital
polysomnographs connected to a PC through the USB ports. Each mouse polygram
was scored visually using a 20-sec epochs. The states of waking, slow wave sleep
and paradoxical sleep were identified using the standard rat criteria. Preliminary
data demonstrate an increase in slow wave sleep percent as compared to the
controls in a week after two-time administration of MPTP which is more
augmented by the end of the second week seizing paradoxical sleep too. However
4-time administration of the toxin did not change clearly the sleep structure after 7
and 14 days. This study is in progress.
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IHOUCK PAHHUX MAPKEPOB BOJIE3HU TAPKUHCOHA:
JANHAMUKA CTPYKTYPbI CHA Y MBILIEH ITOCJIE BBEAEHU A
MOTII

/Moneux B.B. 1, Koesanvzon B.M.Z, Hopoxoe B.B.}

IKad)eOpa ncuxogusuonozuu gpaxynomema ncuxonocuu MI'y
ZI/IHcmumym npooaem Ikonozuu u reonroyuu um. A.H.Cesepuosa PAH

s Hucmumym gvicuieit HepeHoll OeamenbHocmu u Heiupogusuonocuu PAH
Mockea, Poccus

e-mail:kovalzon@sevin.ru

bonesnp Ilapkuncona (bII) — omgHo u3 Hambosee pacnpoCTpaHEHHBIX
HEHpPOJIereHepaTUBHBIX 3a00JIEBAHUI, XapaKTEPU3YIOIIEECs, B YACTHOCTHU, MACCUBHOM
ruOebl0 HEPBHBIX KIETOK, BBIpAOATHIBAOIIMX HeWpomenuartop modamua ([A).
HecMoTps Ha 3HaumTenbHble ycnexu B u3ydeHuu bBII, 310 3a0oneBanue ocraercs
HEU3JICUNMBIM, I03TOMY CO3JaHUE aJIEKBATHBIX JKCIICPUMEHTAIBHBIX MOJEIEH U
MOWCK PaHHUX MapKEpOB SBISIOTCA MEPBOCTENEHHBIMHU 3anadamu. B maboparopun
akagemuka M.B.YrpromoBa pa3paborana mojaens bIl, B koTopo#t B3pocibiM MbIIIaM-
camiam juHUU C57BL/6 BBOAAT moakokHO crienuduieckuii TokcuH J|A-HEHpOHOB
MOTII (1-metun-4-penun-1,2,3,6-tetparuaponupuanta) B Maioil go3e (12 mr/kr)
100 IBYKpaTHO, TUO0 4-KpaTHO C IBYX4aCOBBIMU MHTEpBaiaMu. B mepBoMm ciyyae y
KUBOTHBIX B TEUEHHE JIBYX HENENb Pa3BUBACTCS TaK Ha3blBacMas «JIOKIMHUYECKAs»
¢dbopma BI1, a Bo BTOpOM citydae B Te e cpoku — nmepexoaHas. [IpencrapisieT ocoObIit
VMHTEPEC NMOMCK paHHUX MapkepoB bII B 3TOM Monmenu, B TOM YHCIE PA3JIUYHBIX
Hapyumennii cHa. Ha mpimmuaoin MOTII Moaenu ¢ moiaHbeIM paspylieHneMm Bcex A
HEHPOHOB dYepHOro BemiecTBa (25 Mr/kr B/O, 5 aHeil moapsa) ObUIO IMOKAa3aHO
3HAYUTENbHOE yCUJIEHUE «JlaBieHus» ObicTporo cHa (Monaca et al. Eur.J.Neurosci.
2004. 20(9): 2474-2478). MbI nocTaBUIM CBOEH 1EbIO MPOBEPKY paboueil TUIOTE3bI
O BO3HUKHOBEHWHU HAPYLIECHUW CTPYKTYPBI CHA Yy «TOKIMHUYECKON» U «IIEPEXOJHON»
Mozeiie. ByKUBIEHHE XPOHMYECKUX JJIEKTPOJOB U JUIMTENIbHAS PETUCTPALUS
MOJITPAMMbl Y MEJKUX JIa0OpAaTOPHBIX JKUBOTHBIX B YCIOBHUSX CBOOOJHOTO
MOBEJICHHUS CBSI3aHbl C HEKOTOPBIMU TPYAHOCTSIMU, KOTOPBIE HAM YJaJI0Ch IPEOIONETh
MyTEM OTKa3a OT HCHOJb30BaHUS Pa3bEMOB, NMPUMEHEHHUS CHELUAIBHOTO Kied U
ONTUMU3ALMU Pa3MEPOB HHAUBUIAYAIbHBIX KaMep. HenpeprslBHYIO peructpanuro
OKol' m OMI' mpoBoawin y 8 MbIlIed OJHOBPEMEHHO C MOMONIbIO JABYX 20-
KaHaJIbHBIX MPOrPaMMHO-YIIPaBISEMbIX U(POBBIX oJIMCOMHOTpadoB,
noakatoueHHbIx K USB-Bxomam  kommbroTepa. BusyansHoe — cTagupoBaHue
MOJIMTPAaMMbl  K&XJOW  MbIIIKM  HOpoBoAwiaM 1o 20-cek 3moxaM  aHalln3a.
NnentudunupoBaiu coCcTOSHUS OOAPCTBOBAHMS, MEUICHHOTO M OBICTPOTO CHA IO
CTAaHJAPTHBIM  KpUTEpPUSM,  NPUMEHSEMbIM i J1abOpaToOpHBIX  KpBIC.
[IpenBapuTenpHble JaHHBIE IOKa3aldd, YTO 4YEPEe3 HEACNHI0 IOCiIe JABYKPAaTHOTO
BeegeHuss MOTII npoucxoaut yBeNIMYEHHE MPOLEHTA MEJIEHHOIO CHa II0
CPaBHEHHIO C KOHTPOJIEM, KOTOPOE K KOHILy BTOPOW Helenu emie Oojee BO3pacTaer,
3axBaThiBasi M (Qa3zy ObicTporo cHa. OnHako 4-KpaTHOE BBEJIEHWE TOKCHMHA HE
BBI3BIBAJIO 3aMETHBIX H3MEHEHUI CTPYKTYpHI cHa uepe3 7 u 14 cytok. MccnenoBanus
MIPOAOJIKAOTCS.
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REM SLEEP INCREASE AFTER ACUTE DEEP BRAIN STIMULATION
OF THE SUBGENUAL CINGULATE GYRUS IN PATIENTS WITH
TREATMENT RESISTANT DEPRESSION

Durant; C.FI, Malizia; A.LI, Patel; NZ,

Paterson; L.MI, Nutt; D.JI, Gill; s° , Wilson; S.J.

School of Social & Community Medicine,

University of Bristol, Bristol, United Kingdom

’F. renchay Hospital, Department of Neurosurgery Bristol, Frenchay, UK

Deep brain stimulation (DBS) used in approximately 80,000 patients with
Parkinson’s disease (PD) is now under investigation as a novel option for patients
with treatment resistant depression (TRD). TRD is a disabling and chronic illness,
a core symptom of which is severe sleep disturbance. Approximately 100 TRD
patients worldwide are receiving DBS, in different anatomical targets and although
early results suggest changes in subjective sleep, to our knowledge this is the first
report of changes in objective sleep.

Eight patients underwent neurosurgical implantation of electrodes bilaterally
in the subgenual cingulate (SGC) and ventral anterior capsule nucleus accumbens
(VACNAC). Patients were randomised to receive continuous bilateral stimulation
in one of the areas alone for a period of at least 4 months after which stimulation
could be switched to the second target. Overnight polysomnographic recordings
were carried out at regular intervals before and during DBS treatment.

At baseline, REM sleep suppression was apparent in five out of the eight
patients, three displaying a complete absence of REM; each case reflected
individual antidepressant regimes. All patients receiving acute SGC stimulation
first displayed a significant increase in average REM sleep time (from 56 to
145min, n=5, p=0.04) and decrease in REM onset latency (median 225 to 75mins)
after stimulation was commenced. This increase in REM was lost by the chronic
time point. NAcc stimulation was not associated with any consistent changes in
REM.

Acute stimulation in SGC markedly increases REM sleep in patients, despite
medication with REM suppressing antidepressants. While DBS in the
pedunculopontine nucleus for PD has been reported to increase REM (Lim 2009)
no studies have documented the possibility that higher cortical areas may have an
influence on REM. SGC stimulation may exert its effects through connections to
the hypothalamus or lower brain stem nuclei, although this mechanism remains
poorly understood.
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GEORGIAN CHILDREN WITH EPILEPSY HAVING SLEEP PROBLEMS:
A PILOT STUDY

Ediberidze T.1, Maisuradze L. 1'2, Gogatishvili N.1,

Grigolia D. 1, Kvernadze D.1, Japharidze G. 1, Mamukadze Sh.l,
Karaulashvili A. 1, Gagoshidze T.1, Kasradze S.*

1 Institute of Neurology and Neuropsychology, Tbilisi, Georgia
2Life Science Research Center, Thilisi, Georgia

e-mail: ediberidzet@yahoo.com

Purpose: To identify sleep problems among children having epilepsy, that
has not been investigated before in Georgia.

Methods: A structured sleep-waking questionnaire was developed and
designed on the basis of Child Sleep Questionnaire for Parents and the Pediatric
Sleep Questionnaire. The complete information concerning sleep-wake habits and
sleep complaints was obtained for 153 children (between the ages 1 and 6 years)
with epilepsy; Among them 31 were with age according development (AAD), 122
with developmental delay; 68 untreated, 85 treated with AEDs; 95 with ongoing
seizures, 58 with clinical remission. Sleep problems were evaluated according to
falling asleep difficulties (FDS), nightwakings, snoring and nocturnal breathing
difficulties (NBD). These findings were compared to data obtained from 587 AAD
children, with the same age and not having seizures (AADNS).

Results: In overall, sleep problems were more prevalent in children with
epilepsy in comparison to the AADNS children (50.4% vs. 29.3%), particularly
NBD (23.5% vs. 5.3%). Distribution of FDS (19.6%) and nightwakings (16.3%)
were often found among the children with epilepsy. The frequency of sleep
problems in AAD children having epilepsy (40.1%) was higher than in AADNS
group (29.3%), NBD (18.75% vs. 5.3%) in particular. Children with clinical
remission and receiving AEDs had less sleep problems (43.1%), than children with
ongoing epileptic seizures (56.2%).

Conclusion: The findings of the present study signify high prevalence of
sleep related difficulties in Georgian children with epilepsy. More medical
attention is needed to assess problems in sleeping of children in correlation with
correct treatment strategy of epilepsy.
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INFLUENCE OF SLOW OSCILLATING TRANSCRANIAL DIRECT
CURRENT STIMULATION (SO-TDCS) ON
ELECTROENZEPHALOGRAMM (EEG) IN GENERAL AND SLEEP
RELATED PARAMETERS IN HEALTHY SUBJECTS

Garcia C.I., von Mengden 1., Weise R., Glos M.,
Rieger L., Schoebel C., Fietze I., Penzel T.
Interdisciplinary Center of Sleep Medicine,
Charité — Universititsmedizin

Berlin, Germany

e-mail: carmen.garcia@charite.de

Introduction: Preliminary experiments with tDCS have shown that it may
induce sleepiness or alertness dependently of the characteristics of stimulation.

Objectives: The goal of this study is to investigate whether application of
tDCS has direct and immediately measurable effects on EEG, sleep stage
parameters and vigilance under standardized conditions in healthy subjects.

Methods: In this randomized, sham-controlled cross over trial 30 healthy
individuals will be stimulated during daytime with so-tDCS of 0.75 Hz. Subjects
are divided into 3 groups and receive different numbers of stimulation sessions per
day from one up to five sessions according their group. Group 3 will also receive
polysomnography directly before and after the stimulation day. A stimulation
session contains 30 min of tDCS and assessment of subjective and objective
sleepiness as well as several performance tests before and after stimulation.

Results: 20 subjects between 18 and 32 years (middle age 20 years)
participated until now. A first analyze of the cognitive performance tests could
show no difference between sham and active stimulation neither for group 1 nor
for group 2. Analyze of the sleep data is still outstanding and will be done in the
next weeks. Primary endpoint is a decrease of the peak frequency in the alpha band
after active tDCS stimulation. The secondary aims of the study are 1) changes in
other EEG frequency bands, 2) changes in sleep architecture in general.

Conclusion: Success in this topic will mean that the effects on sleepiness
and alertness could be demonstrated and that the corresponding stimulation
paradigm characteristics are determined, providing us with the valuable clues for
modelling stimulation mechanisms and guiding us in the potential applications of
multisite brain stimulation.

Acknowledgement: This study is funded by European project HIVE within
the 7™ framework program.
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A NEW THERAPY OF SLEEP: THE SOMATOSENSORY ELECTRICAL
STIMULATION IN HUMAN SLOW-WAVE PHASE OF SLEEP

Indursky P.A., Dunaevsky L.V., Markelov V.V.,
Shakhnarovich V.M., Dementienko V.V.
NEUROCOM LtD

e-mail: peter.indursky@yandex.ru

Human sleep disorders appear objectively as in the form of multiple
parameter changes in sleep structure as in subjective assessment of sleep quality.
The wvarious therapeutic effects on sleep in some way contribute to the
normalization of sleep structure and improve its subjective assessment. The
proposed method of electrical stimulation during sleep has significant advantages
for the treatment of sleep as compared to the previous therapies.

The main task of the work is to determine possible effects of electrical
stimulation of human body in slow-wave phase of sleep in order to normalize sleep
structure. Our team is developing a new method of electrical stimulation during
sleep. The basic gist is the applying of electrical pulses during the delta phase of
sleep.

The sleep structure in healthy humans as well as the people with certain
sleep disorders (a total of 12 persons) has been studied. Electrodes for the
stimulation were superimposed on all the night. The subjects slept in a sleep lab 4
nights in succession. The 1* and 2™ nights - adaptation and background — were
without electrical stimulation. The next two nights were with the electrical
stimulation of the delta phase of sleep with a frequency of 1 Hz, a current of 80%
from perceived level. Plated electrodes for stimulation were installed on the palm,
all the night. Registration of polysomnographic sleep was performed by the
standard procedure 10-20: EEG Fpl, Fp2, C3, C4, T3, T4, Ol, O2. Additionally
recorded were EOG, EMG, ECG and respiration.

Studies of electrical stimulation of the delta phase of sleep demonstrated
significant improvement in overall sleep on the set of indicators, both objective
and subjective. The objectives are: increasing the intensity of the delta rhythm,
increase in the duration of the delta phase of sleep, improve the quality of REM
sleep and increase in the intensity of its phasic components during the second night
half, namely, rapid eye movements. In its subjective characteristics, the normalized
sleep differs in increasing sense of depth of sleep, refreshment, elevated the
morning mood as compared to the evening one, much more informative dream
reports. After awakening, the subjects felt an increased muscle tone, the desire of
physical and mental alertness, improved mood, optimism, increased intellectual
activity.

Electrical stimulation of sleep is an important and perspective way to impact
sleeping brain in order to improve sleep quality and, in general, the quality of
human life. By itself, the electrical stimulation during sleep has a number of
physiological and technological advantages. Physiological benefits: the impact is
non-invasive as compared to pharmacology, such stimulation has no character of

57


mailto:peter.indursky@yandex.ru

continuous therapy, no adverse effects, can be used by women during and after
pregnancy. Technological advantages: less expensive as compared to the drug
treatment, comfortable using of equipment with the improvement of its design. The
use of the hardware assumes its universal and widely available consumption.
Electrical stimulation during sleep can be used alongside with other forms of
treatment of sleep disorders.

HOBAJ TEPAIIUA CHA: COMATOCEHCOPHAA DJIEKTPUYECKAS
CTUMY.JISLUS B MEJJEHHOBOJHOBOM ®A3E CHA YEJIOBEKA

Hnoypckuu I1.A., /Iynaeeckuii JI1.A.,

Mapxkenoe B.B. Illaxnapoeuu B.M., /lemenmuenko B.B.
340 “HEHPOKOM”

e-mail: peter.indursky@yandex.ru

Hapymienuss cHa 4yenoBeka OOBEKTHBHO TMPOSIBISIIOTCS Kak B ¢opme
M3MEHEHUM pa3IMYHbIX NapaMeTpPoOB CTPYKTYpbl CHAa, TaKk M CYOBEKTUBHOMU
OIICHKOM KadecTBa CHA. Pa3nuuHble TepaneBTUYECKUE BO3JICUCTBUS HA COH B TOU
WM WHOM Mepe CIOCOOCTBYIOT HOpPMaiu3allid CTPYKTYpPhl CHA M YJIY4ILIAOT
CyOBEKTUBHYIO €ro OueHKy. lIpennmaraeMblii MeTOJ ANEKTPUUECKOW CTUMYJIISLIMU
YeJoBeKa BO CHE CIIOCOOCTBYIOT HOpPMAJIM3ALMU CTPYKTYPhl CHA, YIYy4lIaeT
CyOBEKTHUBHYIO €r0 OLIEHKY U UMEET OIpeJIeNICHHbIC TPEUMYIIIECTBA B TEPAIlUU CHA
10 CPaBHEHHUIO C CIIOcoOaMu

OcHoBHOU 3agadeil palOOThl  SIBISETCS  OMpENEICHHUE BO3MOKHOCTH
BO3JCUCTBUA  DJJIEKTPUYECKOW  CTUMYJILMM  OpPraHW3Ma  4YellOBEKa B
MEJIJIEHHOBOJIHOBOM (ha3e CHa C IeiIbl0 HOpMalu3aluu CTPYKTyphl cHa. Hama
rpynmna pa3padaThIBa€T HOBBIM CIOCOO 3JIEKTPOCTUMYISIIUU BO cHE. OCHOBHas
CyTh €r0 3aKJIIOYaeTCAd B IMOJAY€ INEKTPUUYECKUX HWMIYJIbCOB BO BpEMs AEIbTa-
(a3ml cHa.

HccnenoBanuchk CTpyKTypa CHa Kak 3/I0POBBIX, TaK W JIFOAEH C TEMH WJIHU
WHBIMU paccTpoiicTBamMu cHa (Bcero 12 wuenoBek). HMcmobiTyemble cnanu B
nabopatopuu cHa 4 HOuu NOAPsA. 1-1 U 2-1 HOUb — ajanTaluoHHas u (GoHoBas -
0e3 2JIEKTPUUECKON CcTUMYNANUHU. J[Be mocienyromue HOYM — C DJIEKTPUUECKOMN
cTuMyisiniued B naenbra-gaze cHa c¢ uvactorod 1 I'm, ¢ cumoit Ttoxka 80% oT
omymiaeMoro. IlocepeOpEéHHbIC ANEKTPOABI AJIsI CTUMYJISLIMKM YCTAHABIMBAIUCH Ha
JaJIOHH, BO BCE HOYHU. Perucrtpanus moJamcOMHOTpaMMBbl CHA OCYIIECTBIISLIACH MO
craggaptHot cxeme 10-20: 293I' Fpl, Fp2, C3, C4, T3, T4, Ol, O2.
JlonomaurtenpHo 3anucbkiBanuck J0I°, OMI', OKI' u npixanue.

HccnenoBanusi MO 3JIEKTPUYECKOM CTUMYJISILUM B JeibTa-(ase cHa
MPOAEMOHCTPUPOBAIM B LEJIOM 3HAYUTEIBHOE YJIYy4YUIEHHE CHAa MO pAxy
nokaszaresnel, Kak OObEKTHUBHBIX, TAK U CYOBEKTHUBHBIX, & UMEHHO: yBEJIHWYECHUE
MHTEHCUBHOCTH CaMOr0 AENbTa-pUTMa, YBEINUYCHUE MPOJOJIKUTEIBHOCTH JEbTa-
da3pl  CcHa, YIyYllIeHUS KadyecTBa MapaJoOKCaJbHOIO CHAa U  YBEJIMYECHHUE
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MHTEHCUBHOCTU €ro (pa3zuvecKuX KOMIIOHEHTOB BO BTOpPOW MOJOBHHE HOYH, a
MMEHHO, OBICTPBIX JBIWKEHHI Tia3 B ObicTpoM cHe. [lo cyObeKTHBHBIM
XapaKTEPUCTUKAM HOPMAJM30BaHHBI COH OTJIMYAETCS YBEIMYEHUEM ONIYIICHUS
[NIyOUHBI CHA, BBICIIAHHOCTBIO, TMOBBIIICHHBIM YTPEHHHM HACTPOCHUEM IO
CPaBHEHHMIO C BEUEPHHUM, 3HAUYUTEIBHO O0Jiee COAEpKaTeIbHBIM OTYETOM O
cHoBusieHun. llocrme mnpoOyXJeHHsT UCHBITYEMbIE OIIYIIATN MOBBIIICHHBIN
MBIIIEYHBIA TOHYC, KeJIaHUe (PU3NUECKON U YMCTBEHHON aKTUBHOCTH, YIYUIIEHUE
HACTPOEHUS, ONTUMU3M, MTOBHIIIICHUE UHTEIICKTYaIbHOU aKTUBHOCTH.

DOneKkTpuuecKkass CTUMYJISIUSA CHA SIBIISIETCS BaXXHBIM U TEPCIEKTUBHBIM
HaIpaBJICHHUEM BO3JICHCTBUS HA CHSIIUN MO3T B IEJISIX YIYUIlIEHUS €ro KauecTBa U,
B II€JIOM, KauecTBa >KU3HU 4desioBeka. Cama 1o cebe AeKTpuyecKass CTUMYJISIUS
BO CHE wuMeeT pAl (U3MOJOTHYECKUX W TEXHOJOTMYECKUX MPEUMYIIECTB.
DuU3HOIOTUYECKUE MPEUMYIIECTBA: HEMHBA3UBHOCTh BO3JIEUCTBUS 1O CPABHEHUIO
C JICKapCTBEHHBIM, TakKas CTUMYJISLMS HE MMEET 0053aTelIbHBbI HEempepbIBHBIN
XapakTep Tepanuu, He UMeeT MOOOYHBIX MPOSBICHUN, MOKET ObITh HMCIOIH30BaH
KEHIMHAMH BO BpeMs U mociie 0epeMeHHOCTH. TeXHOIOoTHUeCKre MPenuMyIecTBa:
CHUXKEHHUE Cce0eCTOMMOCTH TpPOILEAYpPhl 1O CPaBHEHHIO C JIEKAPCTBEHHBIM
Je4eHUEeM, KOM(POPTHOCTh HCIOJIb30BAHUS amnmaparypbl € VYIY4YIICHUEM €€
nu3aitHa. Mcnonb3oBaHue anmapaTHBIX CPEACTB MPEANOJIaraeT ux YHUBEPCAIbHOE
U MIMPOKO JOCTYMHOE MOTpelieHue. DIECKTPOCTUMYIALMNS BO CHE MOXKET OBbITh
MpUMEHEHA HapsiAy ¢ APYruMH (popMamu JI€UEHUS HApYIIEHUN CHA.
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EFFECT OF EXCESSIVE TRAINING ON MEMORY CONSOLIDATION
IN WAKEFULNESS AND SLEEP

Javadi A.H.", Yang J. Yu.’

"Institute of Cognitive Neuroscience, London, UK
’Division of Psychology and Language Sciences
University College London

London, UK

e-mail: a.h.javadi@gmail.com, jingyuuu@gmail.com

Offline memory consolidation refers to a process where memory traces are
strengthened over time when practice ceases. Previous studies suggest that sleep
enhances offline memory consolidation compared to periods of wakefulness. A
large body of research provides evidence for the significant contribution sleep has
towards the formation of various memories such as declarative and procedural
memory. Researchers have used serial reaction time task (SRTT) to study the
effect of sleep on memory consolidation of procedural memory. In SRTT,
participants are asked to perform a finger-tapping task in the first session (training
session). Their performance subsequently is measured in the second session
(testing session) to investigate the possible changes in their accuracy and speed. It
is shown that participants are significantly better after a period of sleep compared
to a period of wakefulness. Our experiment, however, questions this improvement,
as we found insignificant differences in performance improvements between
participants who slept and those who did not when training was excessive. In
previous studies the number of blocks were limited to 12 and in our study the
number of training blocks was 30. Sixty-four participants did the SRTT in four
conditions where retention interval (sleep/ wakefulness) and amount of training (30
blocks, excessive/12 block, control) were manipulated. While sleep remained a
better condition for offline memory consolidation of the control group, excessive
training did not modulate the performance between those who slept and those who
did not. This may be explained by saturated hippocampus involvement in offline
memory consolidation. This study highlights the need to understand factors that
would improve long-term memory consolidation without sleep, which will be
essential in developing effective teaching practices. This opens a new avenue for
research on factors that may influence offline memory consolidation apart from
sleep.
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RESTLESS LEG SYNDROM IN PREGNANT WOMAN

Jishkariani T.

Institute of Neurology and Neuropsychology
Thilisi, Georgia
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Introduction: RLS in pregnancy is not uncommon. Our following case
describes one patient with this disorder.

Description: 34 years old female patient was addressed to our Institute.
Early development was normal. Menarche was at the age of 11 years. First
pregnancy at the age of 19 years, uncomplicated, ended with physiological
delivery. After 14 months followed second pregnancy, when she began
experiencing unpleasant sensations - burning, creeping, tugging inside her left leg
and an irresistible urge to move it. These symptoms were worse during rest, in the
evening, spreading over the right leg at night. She had difficulty falling asleep and
to maintain sleep. Pregnancy ended with stillbirth for unknown reason. Soon after
delivery the complaints stopped. 3" and 4™ pregnancies were unremarkable, giving
birth to healthy newborns. The symptoms reappeared on her 5™ pregnancy with
increased intensity. At that time the patient presented to our clinic. Duration of
gestation was 24 weeks. Neurological examination was normal. The diagnosis of
RLS was considered. Complete blood count revealed anemia. She was treated
appropriately. Symptoms persisted during whole pregnancy. Only after delivery
they disappeared.

Conclusion: RLS during pregnancy is transient and disappears after
delivery. According some studies it is a significant risk factor for a future chronic
form or the short-term form in other pregnancies. Long term follow-up and more
studies are still needed in this direction.
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DAYTIME SLEEP EEG EVIDENCE OF SEX DIFFERENCES IN ADULT
WITH HIGHER LEVEL OF ANXIETY

Kharchenko 1A%, Verbitsky E. V. Sysoeva Yu. Yu.'
Tnstitute of Arid Zones of the SSC RAS
Rostov-on-Don, Russia

2Southern Federal University, Rostov-on-Don, Russia
e-mail: ntkharchenko@mail.ru

It is known that female organism has higher sleep requirements then male
organism. Female sleep has more longer sleep duration and significant variation of
sleep events. Usually, higher level of anxiety is related with disturbance of sleep,
namely bad sleep quality, sleepiness in the daytime. (Verbitsky E.V., 2003; 2008).
However, gender differences of sleep-wakefulness in individuals with high level of
anxiety still remain unknown. We conducted polysomnological studies of daytime
sleep in 14 participants with higher level of anxiety (5 men and 8 women, age 20-
25 yrs.).

We reported that women have more higher spectral density in the range of
delta and theta activity of EEG during quite wakefulness as compared to men.
Women's daytime sleep had short nap, few movements, more slow sleep activity in
shallow sleep than in man. An alpha-slow index had higher level over parietal
region of right hemisphere during quiet wakefulness and daytime sleep in men.
Whereas the alpha-slow index had higher level over frontal and parietal regions of
left hemisphere during daytime sleep in women. After daytime sleep was reported
decline spectral density in the range of delta and theta activity in women's EEG.
No significant differences in man's EEG after daytime sleep.

The evidence confirms and details representation about more daytime sleep
requirements for women with higher level of anxiety than men. In particular, the
women's daytime sleep had a higher reducing ability, due to decline manifestation
of higher level of anxiety.
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I'EHAEPHBIE PA3JINYUSA 33T THEBHOI'O CHA OBCJIEAYEMBIX C
BBLICOKHUM YPOBHEM JIMYHOCTHOM TPEBOKHOCTH

Xapuenko I/I.A.Z, Bepouukuii E.B.I, Coicoesa 10.10."

II/IHcmumym apuonwix 30n FOHI] PAH, Pocmog-na-/lony, Poccusn
FOscnuiin geoepanvuviii ynueepcumem, Pocmoe-na-/{ony, Poccus
e-mail: ntkharchenko@mail.ru

N3BecTHO, 4TO MOTPEOHOCTH BO CHE JKEHCKOrO OpraHu3Ma BBIIIE, YEM
MyXCKoro. B cpenHeM HOYHOM COH KEHIIMH OTJIMYaeTcss  OoJbliei
MPOJIOKUTEIHLHOCTRIO M 3HAYUTENbHONW BapualeIbHOCThIO cOoObITHI cHa. [lpu
ATOM BBICOKAsl TPEBOXXHOCTh YAaCTO CBSi3aHA C HAPYUIEHUSIMU CHAa, OCOOEHHO CO
CHIDKeHUEM ero 3((PEeKTUBHOCTH, W COOTBETCTBEHHO OOJbINEH MOTPEOHOCTH B
nHeBHOM cHe (BepOuikuii, 2003; 2008). OqHnako B HacTosIIee BpeMs U3BECTHO HE
TaK MHOTO JaHHBIX MO T€HAEPHBIM pa3IUuUsIM MOKa3aresie O0PCTBOBAHUS U CHA
y UWHIMBUJOB C BBICOKUM YPOBHEM JIMYHOCTHOM TpeBOKHOCTU. Iloatomy
MPOBEJICHBI OJIMCOMHOTpa(UUIECKUE UCCIIEIOBAHUS JHEBHOTO CHA 5-THU MYXYHUH U
8-MM KEHIIMH B Bo3pacte 20-25 7neT C BBICOKUM YPOBHEM JIMYHOCTHOU
TPEBOXHOCTHU. Peructpanusi ocymecTBisiiach THEM B MEPUOABI MOCICO0EICHHON
connBocTH Ha nonucomHorpade LEONARDO-C59.

CpaBHUTENBHBIN aHATU3 CIEKTPAIBHOMN INIOTHOCTH DI perakCupOBaHHOTO
OO0JIPCTBOBAHUSI MYXKYHMH M JKCHIIHMH TEpe] THEBHBIM CHOM IOKa3zall OOJIbIIYIO
BBIPAKCHHOCTh KOJICOAaHWM JeNbTa- U Te€Ta-Auamna3oHoB Ha DDI KEHIWH, 4YeM Yy
Myx 4iuH. B TO ke BpeMs [HEBHOM COH JKEHIIMH OTJIHYajicsi Ooibliei
MPOJOJKUTENBHOCTBI0, KOPOTKUM MEPUOAOM JPEMOTHI, MEHBIINM KOJMYECTBOM
JIBW)KEHUM W OOJBIICH TMPEeACTaBICHHOCTHIO MEIJICHHBIX KojieOanuih Ha OO0
HernyOokoro cHa. Okazanoch, u4To wuHAEKC IO cHa y MYXYdUH B
pelakCUpOBAaHHOM OOJPCTBOBAHUM W B JHEBHOM CHE JIOCTUTaeT HauOOJbIIHUX
BEJIMYMH B TEMEHHON 00JIACTH KOpbl C BBIPAXKEHHOW MpPaBOIOIYIIapHON
acummMmeTpueil. Torma kak y JKEHIIMH B JHEBHOM CHE HauOoJbIIas BEIMYHHA
ungekca O0I cHa perucTpupoBajiach BO (POHTAIBHOM M TEMEHHOW 001acTsiX
JIEBOr0 Toaymapusa. AHaiau3 CIEKTPaJIbHOW IUIOTHOCTH DI penakCHpOBAHHOTO
00JIpCTBOBAHMS TMOCTE CHA MOKAa3aJl CHU)KEHUE MPEJICTABICHHOCTH KOJeOaHUU B
JeNbTa- U TeTa-auana3oHax Ha O0I )KEHIIWH U OTCYTCTBUE 3HAYMMBIX U3MECHEHUN
B OOI" MyX4uMH.

[Tony4yeHHbIE AaHHBIE MOATBEPXKAAOT U JNECTAIM3UPYIOT MPEACTABICHUS O
Oonpield TOTPeOHOCTH B JHEBHOM CHE OpraHh3Ma C BBICOKUM YpPOBHEM
TPEBOKHOCTU y JKEHIIMH, Y€M Yy MYXXYHMH. B 4YacTHOCTM IO COBOKYIHOCTH
MPU3HAKOB BBICHWIOCH, YTO JHEBHOW COH Yy JKEHIIMH OTIuYaicss Oojbluen
BOCCTAHOBUTEJILHON CIMOCOOHOCTHIO. YKa3aHHAas CHOCOOHOCTb, CYJs MO BCEMY,
HalleJIeHAa Ha CHWKEHHUE CHUTYaTUBHBIX IPOSIBICHUNA BBICOKOTO  YpPOBHSA
TPEBOKHOCTHM B OPraHM3ME JKCHIIWH BO BPEMs JHEBHOI'O CHA, PEaIM3yeMOro B
MePUO/I TTOCTIe00eICHHON COHIUBOCTH.
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CHANGES IN CHARACTERISTICS OF SLEEP AND WAKEFULNESS

STATES UNDER INHIBITION OF UBIQUITIN PROTEASOME SYSTEM IN
RATS

Khudik K.A., Lukina E.A., Sinelnikova M.L.
Sechenov Institute of Evolutionary
Physiology and Biochemistry RAS
St.-Petersburg, Russia

e-mail: Kirik82@mail.ru

Ubiquitin proteasome system is responsible for the recognition and
elimination of damaged or mutant proteins, whose accumulation may lead to cell
death. A decrease in activity of this system leads to proteins aggregation that may
be a key factor in the development of neurodegenerative diseases such as
Parkinson's disease [Pastukhov, Chesnokova, 2010]. Previously lactacystin
(specific inhibitor of proteasome activity)-induced model of the preclinical stage of
Parkinson's disease was developed and for the first time defined characteristics of
sleep and wakefulness of this model were found [Yakimchuk, Chesnokova, 2009,
Pastukhov et al, 2010]. The aim of our research was to investigate sleep and
wakefulness states and thermoregulation features in the model of ubiquitin-
proteasome system inhibition induced by lactacystin at different concentrations.

Previously, it was shown that a double (with one week interval) bilateral
injection of lactacystin (0.4 mkg) to the substantia nigra induced a 28% decrease in
the number of DA-ergic neurons in the substantia nigra pars compacta, the lack of
impairment of motor behavior and a 37% increase in the total time of REM sleep
at day 7 after the second injection [Yakimchuk, Chesnokov, 2009, Pastukhov et al,
2010]. In the present research using EEG, EOG, EMG and brain temperature
registration and analysis in rats we confirmed the earlier findings and also showed
decrease in the total time of wakefulness (by 33%) and brain temperature in the
episodes of this state and significant increase in brain temperature during REM
sleep at day 7 after the second injection of lactacystin (0.4 mkg) in the substantia
nigra. Also we obtained preliminary data that a double injection of a higher
concentration of lactacystin (4 mkg) in the substantia nigra of rat brain induced a
decrease in the total time of wakefulness and an increase in the duration of REM
sleep at the same time after injection. Thus we obtained similar results after
microinjections of lactacystin at doses of 0.4 mkg and 4 mkg. We plan to continue
this research to assess the lactacystin effect depending on the prolongation of its
action.

The data obtained in our study concerning an increase of the duration of
REM sleep and brain temperature in episodes of this sleep stage expand our view
of the early non-motor markers of the preclinical stage of Parkinson's disease
model in rats.

Support: RFBR 11-04-01588-a
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WU3MEHEHUSI XAPAKTEPUCTUK COCTOSIHUI CHA U
BOAPCTBOBAHMUS ITPU YTHETEHUU YBUKBUTHUH-
MNPOTEACOMHOIM CUCTEMBI ¥ KPBIC

Xyouk K.A., /lykuna E.A., Cunenvnuxosa M.J1.

Yupeowcoenue Poccuiickoit akademuu nayk Hncmumym 3601104 UOHH O
Guzuonozuu u ouoxumuu um. U.M. Ceuenosa PAH
Canxkm-Ilemepoypez, Poccus

e-mail: kirik82@mail.ru

YOUKBUTUH-IPOTEACOMHAsI CUCTEMa OTBEYaeT 3a paclo3HaBaHUE U
YHUYTOXKEHUE HEMOJICKAINNX PEMOHTY MOBPEKICHHBIX WM MYTAHTHBIX OCJIKOB,
HAKOIJICHHE KOTOPBIX MOXET MPUBECTU K rudenu kiaeTku. CHUKEHNE aKTUBHOCTHU
ATON CUCTEMBbl MPUBOJIUT K arperainvy HEMNpaBUIbHO YJIOKEHHBIX OEIKOB, YTO
MOXET SIBIIATBCS KJIIOYEBBIM  (PAKTOpOM pa3BUTUSA HEUpOJereHepaTUBHBIX
3aboneBanuii, B yactHocTH OoJsie3Hu llapkuncona [IlactyxoB, YecHokoBa, 2010].
Panee co3mana Mojenb JOKIMHUYECKOM craauu Oosie3nu IlapkuHcoHa mipu
BBEJICHUU  CHEIU(PUUECKOrO0  MHTMOMTOpa  MNPOTEACOMHOM  aKTUBHOCTHU
JAKTAIlUCTUHA KpbhICaM M BIIEPBbIC BBIACICHBI OCOOEHHOCTH COCTOSIHUM CHAa U
O0onpcTBOBaHUS Ha 3TOM cTamuu [Axumuyk, YecHokoa, 2009; IlactyxoB u np.,
2010]. Lenpro HACTOSAIIETO HCCIECAOBAHHS SBIAETCS HW3YYEHUE OCHOBHBIX
MoKa3aTesel COCTOSTHUM cHA U OOAPCTBOBAHUS U TEPMOPETYIISLIUYA IPU YTHETCHUU
YOUKBUTUH-IIPOTEACOMHOMN CUCTEMBI JTAKTAIIUCTUHOM B PA3HOI KOHIIEHTPALIUH.

Panee, ObL10 MoOKa3zaHo, 4TO Ha 14 JneHb Mocie ABYKPATHOTO (C HEAEIbHBIM
MHTEPBAJIOM) JIByCTOPOHHETO BBEACHUS JIaKTallMCTUHA (B 03¢ 0.4 MKT) B YEpHYIO
CyOCTaHIIMIO €ro JAeHCTBUE XapakTepusyeTcs aereHeparueit 28% JIA-epruueckux
HEUPOHOB KOMMAKTHOW YacTH YEpPHOM CYOCTaHIIMHM, OTCYTCTBHEM HapyIICHUU
MOTOPHOTO MOBEJICHUS U yBenudeHueM Ha 37% o01iero BpeMeHu ObICTPOro CHa B
HeakTUBHOM (paze cyTok [Axumuyk, YUecHokona, 2009; IlactyxoB u ap., 2010]. B
HACTOSIILIEM MCCJIEAOBAaHMM TPU KCIOJB30BAHUM METOAUYECKUX MPHUEMOB
peructpanuu U aHanusza nokaszarenet D31, D00, OMI' u temneparypsl Mo3ra y
KPBIC MOJITBEPK/ICHbI pAHHEE MOJYYCHHBIE JIaHHbIC, 4 TAK)KE BBISIBIICHO CHHXKCHUE
oOl1el ITUTEILHOCTH OOJPCTBOBAHUS M TEMIIEpaTypbl MO3ra B 3MU30JaX 3TOTO
COCTOSIHUSI M 3HAYUTEJbHOE YBEIUYEHUE TEMIIEPATyphl MO3Ta BO BpeMs ObICTPOTO
CHa Ha 7 JieHb MOCJIe BTOPOM MHBEKIMU JIakTauucThHa (B A03¢ 0.4 MKI) B 4YepHYIO
cyocranmuto. Ilpu nBykpaTHOM BBeneHUHM Oojiee BBICOKOM KOHUEHTPALUU
JAKTAIlUCTUHA (4 MKr) B YEpHYH CYOCTaHIMIO MOJYy4YE€Hbl MpeABapUTEIbHbIC
JaHHble OO0 YMEHBIIEHUH OOIIEro BpEeMEHU OOJPCTBOBAHUS U YBEIUYCHUU
JUTUTEIbHOCTH OBICTPOrO CHA B T€ K€ CPOKH Mocie uHbekuuil. Takum oOpazom,
MOJIYYEHBI CXO/IHbIEC PE3YJIbTAThl IPU MUKPOUHBEKIUAX JIAKTAllUCTUHA B 103ax 0.4
MKTI U 4 Mkr. [lnanupyercs npoaofikeHue AAHHOTO MCCIEIOBAHUS i OLEHKHU
3aBUCUMOCTH 3(PPEKTOB JTaKTALIUCTUHA OT MPOJIOHTUPOBAHHUS €TI0 JIEUCTBUS.

[omy4eHHbIe B HAIIEM UCCIIEIOBAHUH JAHHBIE 00 YBEIIMUYEHUH JTUTEIHHOCTH OBICTPOTrO
CHA Y TEMITEPATyphbl MO3ra B €10 3MM30/iaX PACIIUPSIOT MPECTARIEHUE O PAHHIX HEMOTOPHBIX

TIPM3HAKAX MOJIEIH JIOKTTMHAYECKOM CTauu Oosie3HH [ [apkiHCOHa y KpbIC.
HccnenoBanue nogaep:xxano rpantom POOU 11-04-01588-a
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COMPARATIVE STUDY OF CARDIORESPIRATORY FUNCTION OF
EARED SEALS (OTARIIDAE) AND PHOCINE SEALS (PHOCIDAE)
DURING SLEEP - WAKEFULNESS CYCLE

Kibalnikov A.S'., Verbitsky E.V., Voinov V.B."?, Mikhailyuk A.L.
Tnstitute of Arid Zones of the SSC RAS

Rostov-on-Don, Russia

’Murmansk Marine Biological Institute

Kola Science Center RAS, Murmansk, Russia
e-mail: askib@bk.ru

Despite the numerous studies of adaptive potential of cardiorespiratory
system of Pinnipeds in sleep-wakefulness cycle, many questions is still remain
unknown. Therefore, a study of rhythmic and arrhythmic phenomenon of eared
and phocid seals cardiorespiratory function in sleep-wakefulness cycle is
continued.

We studied behavior and cardiorespiratory function in northern fur seal
(Otariidae) and harp seal (Phocidae) in sleep-wakefulness cycle using video
monitoring and electrophysiology control. Heart rate and breath pattern was
analyzed in 4 northern fur seals and 5 harp seals in sleep-wakefulness cycle on
land.

It has been established what the most of animals during transition from quiet
wakefulness to slow wave sleep the breathing slowed down and heart rate
decreased. In contrast to the harp seal (Phocidae), the northern fur seal (Otariidae)
had a ventilation of lungs during paradoxical sleep. Therewith breathing of these
animals is accompanied by apnea and hyperventilation, that is reflected in heart
rate during sleep. In addition, in all the seals the periods with the decrease in
amplitude of breathing (hypopnea) were registered. Such changes of breathing and
heart rate occurred in animals sleeping on a platform without any restriction to the
access of the air oxygen. In both wakefulness and sleep, the electrocardiogram of
the fur seals and harp seals is characterized by the presence of respiratory
bradycardia.

In summary, the seals seem to possess more than fur seals adaptations to the
water environment during realization of cardiorespiratory function in sleep and
wakefulness. Among them, sleep absence in the afternoon; presence of slow wave
sleep in both hemispheres; variation of apneas in both phases of sleep and in
wakefulness; more expressed respiratory bradycardia in all the states. The
existence of apnea and hypopnea in sleeping seals makes their sleep a successful
model for studying human sleep apnea syndrome, that is of interest for clinical
somnology.
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CPABHMTEJILHOE UCCJIEJOBAHUE KAPJIMOPECIIMPATOPHOM
®YHKIUHU YIHACTBIX (OTARIIDAE) 1 HACTOSIIUMX TIOJEHEMR
(PHOCIDAE) B IMKJIE COH-BOIPCTBOBAHUE

Kubanvnuroe A.C. 1, Bepouukui E.B. 1, Boiinoe B.B. ' 2, Muxaiiniox A.JI1.°
II/IHcmumym apuonwix 301 FOHI] PAH, Pocmog-na-/lony, Poccusn
ZMprtlHCKuﬁ Mmopckoii ouonozuueckuii uncmumym KHI] PAH,

Mypmanck, Poccusn
e-mail: askib@bk.ru

HecmoTpss Ha ~ MHOTOYHMCIEHHBIE  MCCJIEAOBAaHUSA  aJanTallMOHHBIX
BO3MOXKHOCTEM KapJuOPECHUpPaTOPHOM CHUCTEMBI JIACTOHOTMX B IUKJIE COH-
00JIpCTBOBAHME MHOTHE BOMPOCHI €€ (PU3UOJIOTUM OCTAIOTCSA MaJIO U3YYEHHBIMU 10
cux nop. [loaTomMy ObLITN MPOJOIKEHBI UCCIEAOBAHUS PUTMUYHBIX U APUTMUYHBIX
(heHOMEHOB KapJUOpEeCHUPATOPHON (PYHKIIMM YIIACTHIX U HACTOSIIHUX TIOJIEHEH B
IUKJIE COH-00APCTBOBAHUE.

[TocpenctBom BHUJICOMOHUTOPUPOBAHUS, a TaKk xe
AEKTPOPU3UOIOTTIECKOTO KOHTPOJIS B LUKJIE COH-00JIPCTBOBAHUE
HCCIIEIOBAJIOCh MOBEICHUE U KapAuopecnupaTopHas (PyHKIUSI CEBEPHBIX MOPCKUX
koTukoB (cem. Otariidae) u rpennanackux TioNeHe (ceM. Phocidae).
AHanu3upoBajgach 4YacToTa CEpPACYHBIX COKpPAllCHW W pPUTM JAbIXaHus y 4
CEBEPHBIX MOPCKHUX KOTHUKOB U 5 TpEHIAHACKMX TIOJICHEH B IHUKIE COH-
00JIpCTBOBaHUE, MPEOBIBAIOIIUX HA CYIIIE.

bbino ycraHoBiieHO, YTO y OOJIBIIMHCTBA >KUBOTHBIX MPU MEPEXOJe OT
CIIOKOMHOTro OOJPCTBOBaHUS K MEIJIECHHOMY CHY 3aMeJUIsieTcsl JAbIXaHue |
CHUYKAETCSl 4acTOTa COKpallleHWi cepana. B oTauyue OT rpeHiIaHCKOro THOJICHS
(Phocidae) y ceBepHoro mopckoro kotuka (Otariidae) Bo BpeMs apagoKcaabHOTO
CHA TMPOUCXOJIUT BEHTHIISIUS Jerkux. [lpuyeM, Kak BBIICHWIOCH, JIbIXaHUE BO
BpEMsI CHa 3THX J>XMBOTHBIX COMNPOBOXKJAETCS KaK IMEpUOJaMHU amHod, TaK H
TUIIEPBEHTWIALIMENH JIeTKUX, 4TOo oTpaxaercas u B UCC. Kpome Toro y Bcex
TIOJICHEW PErHuCTPUPOBAINCH TEPUOABl CO CHIXKEHUEM aMIUIUTYIbl JbIXaHUS
(runoniHod). Takue uzmeneHus: apixaHus U1 YCC mpoucXoauiau y >KMBOTHBIX Ha
oMocCTe 0e3 orpaHWYEHHUs JI0CTyIa K KUCIOpOaAy Bo3ayxa. B 6oapcTBoBaHUM U BO
CHE DJIEKTpOKapAuorpaMMa KOTHKOB U TIOJEHEH XapakTEepU3yeTcsi HAIUYHUEM
JbIXaTeIbHOU OpaguKapIuu.

B wmenoMm, mpu peanuzanuu KapauopecHUpaTOpHOM (PYHKUIMHU BO CHE U
00JIpCTBOBAHUU TIOJIEHU 001a1aI0T OOJIBIINM, YEM MOPCKUE KOTUKH, KOJIMYECTBOM
npucnocodsiennii k BoaHOU cpene. OO0 3TOM TOBOPUT OTCYTCTBUE CHA JHEM;
HaJU4Yue MEJJICHHOTO CHAa B 000MX MOYIIApUsIX; Bapyalliy arHod B 2-X (a3ax cHa
u B OoApcTBOBaHMM; Oo0Jyiee BBIpAXKEHHAsl JbIXaTelibHasi Opaaukaplus BO BCeEX
COCTOSIHUSIX. A CITydad armHod U TUIIOMHO3 CHA JICJIAI0T UX yIauHOU MOJEINbIO JJIs
M3YUYCHHsI alHOd CHA YEeJIOBEKAa, YTO NPEACTaBIsE€T OMNPENENCHHbIM WHTEpEC B
KJIMHUYECKON COMHOJIOTHHU.
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INVESTIGATION OF THE ROLE OF DIFFERENT
NEUROTRANSMITTER SYSTEMS IN REGULATION OF SLEEP IN
NORTHERN FUR SEALS

Kosenko P. 0.1’2, Lapierre J.L} , Kodama T.4,

Lyamin 0.1."%°, Mukhametov L.M."’, Siegel JIM.

"Utrish Dolphinarium Ltd., Moscow, Russia

’Educational institute of South Federal University, Rostov-on-Don, Russia
Department of Psychiatry, School of Medicine, University of California Los
Angeles and Neurobiology Research, Veterans Affairs Greater Los Angeles
Healthcare System, North Hills, California

4Department of Psychology, Tokyo Metropolitan

Institute for Neuroscience, Tokyo, Japan

’Severtsov institution of Ecology and Evolution, Moscow, Russia

Sleep in fur seals combines the main features of sleep in terrestrial mammals
(sleep while motionless with both eyes closed, bilaterally symmetrical slow-wave
sleep - SWS, paradoxical sleep - PS, regular breathing) and cetaceans (sleep while
swimming, with one eye open at a time, unihemispheric SWS and the absence of
PS). Fur seals represents a unique model for studying the unusual features and
mechanisms of sleep in marine mammals (cetaceans, pinnipeds), and the core
mechanisms of regulation of sleep in animals. Study the role of neurotransmitter
systems involved in generation and maintenance of sleep-waking cycle is one of
the approaches in revealing the mechanisms of sleep. Using the technique of
microdialysis and high performance liquid chromatography (HPLC), we
investigated the release of several neurotransmitters in the cerebral cortex during
wakefulness, bilateral and asymmetrical SWS (BSWS and ASWS) and PS in the
fur seal. Similar to terrestrial mammals, the concentration of acetylcholine in fur
seals was the greatest in wakefulness and PS sleep and decreased in BSWS. In
these states, the concentration of cortical acetylcholine changed synchronously in
the two hemispheres. During ASWS, the concentration of acetylcholine in each
hemisphere was proportional to the duration of desynchronized EEG in the same
hemisphere. The concentration of cortical serotonin during the transition from
wakefulness to BSWS and PS progressively decreased. During ASWS the
difference in the concentration of serotonin between the two hemispheres was
nonsignificant. The release of histamine and orexin (hypocretin) in the cortex was
the greatest during active wakefulness and decreased significantly during sleep.
The concentration of cortical dopamine in all functional states was low at the level
of detection of the HPLC technique. To summarize, the technique of “in vivo”
microdialysis paralleled with the polysomnography allows investigating the role of
different brain systems in initiation and maintenance of cortical EEG activation
and synchronization, slow wave interhemispheric asymmetry and PS, as well as
muscle tone, and various forms of active behavior.
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UCCJIEJOBAHUME POJIM HEUPOMEJIUATOPHBIX CUCTEM MO3Tr'A
B PEI'YJISIIUU CHA Y CEBEPHBIX MOPCKHUX KOTUKOB

Kocenko I11.O. 1’2, Jlanvepp ﬂ.)fC..]I.3, Kooama T.4,

Jlamun O.HU. 1’3’5, Myxamemos JI.M. 1’5, Cuzan /. M.’

000 «Ympuwickuii oenvehunapuin, Mockea, Poccus

Iedazoaueckuii uncmumym FOsicnoco gpeoepanvrozo yrnueepcumema, Pocmoe-na-/{ony,
Poccun

?lenapmmwnm ncuxuampuu u omoen nevipoouonozuu Kanugopruiickoeo ynusepcumema 6
Jloc-Anoorcenec, CILIA

‘Qlenapmwneum ncuxonozuu, Toxkuwitckuit uncmumym neviponayx, Tokuo, Anonun
5I/IHcmumym npoonem Ixonozuu u Isomoyuu um. AH Cesepuosa PAH, Mockea, Poccus

CoH MOpPCKHMX KOTHKOB COYETAa€T OCHOBHBIC MPHU3HAKH CHA HA3€MHBIX
MJIEKOMUTAIOMUX (COH BO BpeMs HEMOJBMKHOCTA C 3aKpbITHIMU TJIa3aMH,
OmnarepanbHO-CUMMETPUYHBIA MEJIEHHOBOJIHOBBIN coH - MC, mapaaokcaibHbII
cod - IIC, perynspHoe AbIXaHHE) U KUTOOOpa3HbIX (COH BO BpeMs JIBHXKCHUS,
OJIHOCTOPOHHEE OTKpbIBaHMWE ria3, oaHomoaymapusii MC, orcyrctBue IIC). B
CBSI3U C ATHUM, MOPCKHE KOTHUKHU MPEJCTaBISIIOT COOON YHHKalbHBIM OOBEKT Kak
JUISL U3Y4YeHUsT HEOOBIYHBIX OCOOCHHOCTEH W MEXaHU3MOB CHa Yy MOPCKHUX
MJIEKOMUTAIOMUX (KUTOOOPA3HBIX, JACTOHOTUX), TaK U MEXAaHU3MOB PETYJSIIUU
CHa y KHBOTHBIX B LIeJIOM. M3ydyeHne poiau HEMPOMEIUATOPHBIX CUCTEM MO3ra,
o0ecrneunBaloIINX TeHEPAIUIO U MOAEPKaHUE I[UKJIa 00IPCTBOBAaHUE-COH - OJUH
W3 TMOJIXOJOB B HCCIECAOBAHMM MEXAHW3MOB CHa Yy Miekonuraromux. C
UCIIOJIb30BAaHUEM TEXHUKM MHUKpOJMaiu3a M KHAKOCTHOM Xpomarorpaduu
(HPLC) MBI wuccnenoBaii  AMHAMHUKY  KOHIIEHTpAlMW  HECKOJBKHUX
HEWpPOMETUATOPOB B KOpe OOJbIIMX MOJYyIIApUid MO3ra KOTHKOB BO BpeMs
0onpcTBOBaHMs, OunarepanbHoro u acummerpuunoro MC (BMC u AMC) u IIC.
Kak u y HazeMHBIX MJIEKONMHUTAIOUIMX, KOHLIEHTPALMS alETUIXOJIMHA Y MOPCKUX
KOTUKOB ObuIa HauOousblnedl Bo BpeMs OoxapctBoBanusa u IIC, u cHMXKamach BO
Bpemss bMC. B 3TUX COCTOSIHMAX KOHLEHTpalMs AaUETWIXOJIMHA HW3MEHSIAcCh
CHHXPOHHO B IBYX nonymapusx. Bo Bpemss AMC, koHIIEHTpalys aleTUIXOJIMHA B
KaXJI0M MOJTyILIapu U Oblla  MPONOPIUOHATbHA MPOAOJIKATEIBHOCTH
NEeCUHXpOHHU3UpoBaHHOM D3I B oaHoMMeHHOM mnonymapuu. KoHueHtpamus
ceporoHnHa npu mnepexoge oT OoapctBoBanuss k BMC u IIC mporpeccuBHO
cHmwxkainmace. Bo Bpems AMC pasnuuus B KOHUEHTpPALMM CEPOTOHMHA B JBYX
MOJIYIIAPpUsAX HE ObUIM CTaTUCTUYECKHU 3HAUYMMbIMH. KOHIIEHTpalluu rUucTaMUHa U
OpeKCHHa (TUIIOKPETHHA) B KOPE MOPCKOT0 KOTHKA ObUTM HauOOJBIIUMU BO BpEeMsi
aKTUBHOTO OOJIPCTBOBAHUS U PE3KO CHUXKAIUCh BO BpeMs cHa. KoHueHTpaius
KOPTUKAJIBHOTO J0()aMHUHA BO BCEX COCTOSTHUSIX Y MOPCKUX KOTHUKOB ObLIa HU3KOM,
Ha ypoBHe paspemenuss metona HPLC. Takum oOpazom, meroamka in Vvivo
MUKPOJIMAIM3a B COUYETAHUU C MOJIUCOMHOTpadueil mo3BosIeT UCCIE0BATh POib
Pa3JIMYHBIX CUCTEM MO3Ta B 3aIlyCKE U MOAAEPKaHUH KOPKOBOM DI akTUBauu U
CUHXpOHHU3auuu, MexnonymapHot acummerpuun I3I° MC u IIC, a Takxke
MBIIIEYHOTO TOHYCA U Pa3HbIX (POPM aKTUBHOTO MOBEJCHUS.
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THE COMORBIDITY OF THE OBSTRUCTIVE SLEEP APNEA
SYNDROME AND PERIODIC LIMB MOVEMENT SYNDROME AND ITS
APPLICATION IN CLINICAL PRACTICE

Kovalchuk M.O.

Clinical Hospital No83 FMBA RF, Center of Sleep Medicine
Mocsow, Russia

e-mail: mafkoviwmail.ru

Background: unless an effective CPAP therapy in patients with the
obstructive sleep apnea syndrome (OSAS), in certain cases the periodic limb
movement syndrome (PLMS) appears or enhances.

Materials and methods: 60 patients with OSAS were taken. OSAS was
diagnosed using polysomnography, achieved before and after starting CPAP
therapy.

Results: all patients before CPAP therapy found an apnea/hypopnea index
exceeding 30/hour. While using CPAP the amount of respiratory disorders
diminished till the physiological level (less then 5/hour) or accorded to a light level
of OSAS. Therefore some patients have shown an appearance of movement
disorders such as PLMS, others — their enhancement, in the third group they did
not occur or diminished. Reliable correlation between the severity of PLMS and
OSAS was not proven, but a tendency for complaints of daytime sleepiness was
discovered in patients with PLMS.

Conclusion: An attempt to explain an association between OSAS and
PLMS, the meaning of their severity on clinical features, as well as the
reasonability of using the pathogenetic therapy was demonstrated. Regardless
detected changes, other research are needed to define a pathogenetic correlation
between these syndromes and the cause of such clinical symptoms as the daytime
sleepiness.
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KOMOPBHUJHOCTb CUHIPOMA OBCTPYKTUBHOI'O
AITHOD/TUIIOITHOS CHA U CUHAPOMA INEPHOJINYECKHNX
NBMKEHUN HU’)KHUX KOHEYHOCTEHN Y BHAUEHUE B
KJIMHUYECKOW NPAKTUKE ITPU UX COYETAHUU

Kosanvuyx M.O.
Kb Ne83 WMBA Poccuu
Lenmp Meouyunovt Cna
Mockea, Poccus
e-mail: mafkovi@wmail.ru

1. ®opmynupoBka npodaemMsbl: pu 3HPEKTUBHON «CUIATI»-TEPATTUH Y JIUI] C
cuHIpoMOoM oO0cTpykTuBHOrO amHo3/ runonHod (COAI'C) cHa B psme ciaydaeB
MOSIBJISICTCS/yCYTyONsIeTC ~ CHHAPOM  MEPUOAMYECKUX  JBUKCHUN  HIKHUX
koneuHoctei (CITIHK).

2. Marepuainsl 1 MeToibl: B ucciegoBanue B3ATo 60 manuentoB ¢ COAI'C,
JI0Ka3aHHOM TipH nosimcoMHorpaduueckom uccienoannu (I1CIY), mpoBoaumom 1o
U TIOCJI€ HavaJla «CUTIAn»-TepParnH.

3. Pe3ynbTaThl: 10 Havalia JEYEHUS y BCEX MAIMEHTOB HWHJIEKC amHO03/
runonHo? (UAID") mpesbimnan 30/gac. Ha goHe Tepanuu KOAMYECTBO JIbIXaTEIbHBIX
HapyIlIeHU! CHUXKAIOCh A0 (PU3MOJIOTMYECKOro YpOBHA (MeHee S/gac) aubo
coorBeTcTBOBAIO JIErkoil creneHn COAI'C. Ilpu 3ToM y 4YacTh NauuMEeHTOB
BO3HUKaNM JBurarenbHbie pacctporcrsa B Buae CIIJIHK, y apyroit rpynmnel oHu
yCYTryOJIsUICh, y TPEThbUX HE BO3HUKAIM WIH perpeccupoBanu. JlocroBepHOU
B3auMocCBsA3u cTeneHu BeipakeHHOCTH CITJIHK ¢ Tsxecthro COAI'C nmonydeHo He
OBLJIO, OJIHAKO MPOCIICKUBATIACh TCHACHIMSA K COXPAHEHUIO Kalo0 Ha JHEBHYIO
connmuBocTh (JIC) y martmentos ¢ nanmuuuem CITJJHK.

4. KpaTkuil aHaJIu3 U BBIBOJABL: IMOJYYEHHBIE PE3YyIbTAaThl — IIAr Ha MyTH
BeisiBiIeHUs KoMopOumHoctd COAI'C wu CIIJJHK, 3HaueHwe cTemeHW uX
BBIP&XKCHHOCTH Ha KIMHUYECKYI0 KapTHHY, a TAaKKe ITOCTAaHOBKA BOIPOCa O
1e7eco000pa3HOCTH JOMOJHUTEIBHOTO HAa3HAYEHMSI MATOr€HETUYECKOW Tepamnuu.
He 3aBucumo oT OOHapyXEHHbIX W3MEHEHUU, HEOOXOAMMBI JIOMOJHUTEIbHbIC
WCCIIEIOBAHUSI C YTOYHCHUEM IIaTOTCHETUYECKOM CBSI3M MEXAY JTaHHBIMHU
ABJICHUSIMH, & TAK)KE€ NPUYMH BO3HUKHOBEHHUS TAKUX KIMHHUYECKHX CHMIITOMOB,
kak J[C.

71



REORGANIZATION OF INTERREGIONAL RELATIONS OF EEG IN
DIFFERENT SLEEP STAGES

Kruchinina O.V., Tsitseroshin M.N., Shepovalnikov A.N.

I.M. Sechenov Institute of Evolutionary Physiology and Biochemistry, RAS
Saint-Petersburg, Russia

e-mail: kruchinina_ol@mail.ru

Investigation of sleep neurophysiological mechanisms based on the analysis
of the spatial structure of cortical fields interregional interactions is one of the
promising directions in the study of this basic body functions.
Electropolysomnographic recordings of a natural night sleep were carried out in 8
adults. EEG was registered in 12 channels, and in consecutive 8 sec analysis epoch
of EEG crosscorrelations matrixes were calculated.

The greatest changes of inter-regional EEG interrelations degree have been
revealed in slow-wave sleep stages and a dormant state where the most essential
reorganizations of a brain biopotential structure field were marked. During
transition from wakefulness to a somnolence and in slow-wave sleep dream stages,
the expressiveness of changes in posterotemporal cortex EEG distant connections,
especially right hemisphere is marked. At the analysis of brain activity system at
different stages of natural sleep revealed features in the organization of EEG
relationships of bilateral-symmetric zones of a cortex of both hemispheres come to
light. The frontal, central, and parietal EEG derivations in all sleep stages in
comparison to wakefulness was characterized by an increase in interhemispheric
EEG relationships, whereas in inferiofrontal and posterotemporal leads the
correlation between fluctuations in symmetric biopotential leads in both
hemispheres in all stages of sleep decreased. In a paradoxical sleep most
significantly reduced compared with wakefulness between the correlation between
EEG bilaterally symmetrical inferiofrontal areas. At the same time, the correlation
between EEG posterotemporal sections decrease in delta sleep to a greater extent
than in the paradoxical sleep.

The data obtained suggest that the different stages of sleep constitute a
single continuum of states, despite the known significant differences in
electrographic pattern biopotential registrations in each of the stages. As a result of
our study revealed a complex structure rearrangement with the deepening of sleep
hemispheric relations activity bilaterally symmetrical regions of the cortex in both
hemispheres.

Support: Russian Humanitarian Scientific Fund Ne 10-06-01000a
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PEOPTAHU3AIIUS MEXKPETMOHAJIBHBIX CBA3EM 33T B
PA3JIMYHbBIX CTAIUAX CHA

Kpyuununa O.B., Huuepouwun M.H., lllenosanvnukos A.H.
Yupeorcoenue Poccuiickoit akademuu nayk Hncmumym I601104u0HHOT
¢uzuonozuu u ouoxumuu um. H.M.Ceuenoea PAH

Canxkm-Ilemepoyp, Poccus

e-mail:kruchinina_ol@mail.ru

HccnenoBanue HeMpo(U3NOIOTHYECKUX MEXAHM3MOB CHAa Ha OCHOBE aHaJIM3a
MPOCTPAHCTBEHHON CTPYKTYPbl MEXPETHOHAIBHBIX B3aUMOJECHCTBHM KOPKOBBIX
MoJIed OTHOCUTCA K YMCIy MEPCHEKTUBHBIX HANPABJICHUN B M3yUYEHUU STOU 0a30BOM
byHKIUN OopraHusma. DNEKTPONOIUCOMHOTpaPUIECKIE UCCIIENOBaHUS
€CTECTBEHHOTO HOYHOT'O CHAa OBUIH MPOBEACHBI y 8 B3POCIBIX UCHBITYEMBIX OT 18 10
22 ner. D01 peructpupoBanu B 12 orBeneHusx no cxeme 10-20 ¢ BbIUHCICHHEM
MaTpull KO3PGULIHUEHTOB Kpocckoppensiuu D30 B mocienoBaTENbHBIX 3MOXaX
aHanuza JUIMTENbHOCTBIO 1O & c¢. Hawubonpiime  W3MEHEHUS  CTENEeHH
MEXPETUOHAIBHBIX B3aUMOCBs3el BoJH D3I ObLIH BBISBICHBI B MEAJICHHOBOIHOBBIX
CTaAuAX CHa M B JPEeMOTHOM (Qa3ze cHa, NpU KOTOPOH OTMeyanuch Haubolee
CYLIECTBEHHBIE MEPECTPONKU CTPYKTYpbl OHONMOTEHIMAIbHOrO mojisi Mmosra. [lpu
nepexoie OT OOAPCTBOBaHHUS K JIPEeMOTE€ U B MEIJICHHOBOJHOBBIX CTaJMSIX CHa
OTMEYaeTcsi 0co0as BBIPAKEHHOCTh M3MEHEHUM JHUCTAHTHBIX cBsizel OO0
3aJIHEBUCOYHBIX OTJEJIOB KOpBI, TJIaBHBIM 00pa3oM, mpaBoro mnomymapus. [lpu
aHaJIU3€ CUCTEMHOW JESTENIbHOCTH MO3Ta B Pa3HBIX CTaAUSAX €CTECTBEHHOTO CHa
BBISIBIISIIOTCS  OTIPEJICJICHHbIE OCOOEHHOCTH B OpraHu3anuud B3aumocBsizer O30
OunaTepanbHO-CUMMETPUYHBIX 30H KOpBl 000ux momymapuil. Tak, 1ias JTOOHBIX,
LHEHTPAJIbHBIX U TEMEHHBIX OTBeAeHUU ODI, pacmnojgoKeHHBIX NapaMeauaibHO, BO
BCEX CTAJIMAX CHA MO CPaBHEHHUIO ¢ 0OJPCTBOBAHUEM OBLJIO XapaKTEPHO YBEIMYECHUE
MEXKMOJIYIIApHbIX CBsizet D3OI, Torma kak Juisi OTBEIEHUM, PacCIOiI0KEHHBIX
JaTepanbHO (HUKHEJIOOHBIX M 3aJHEBUCOYHBIX) B3aUMOKOPPENALHMU KOJeOaHU
OMOIOTEHIINAIOB B CHMMETPUYHBIX OTBEICHUSAX 00OUX IMONYIIapUil BO BCEX CTAIUAX
CHa CHIXXaIWCh. B mapamokcanbHOM cHe Hambojee 3HAYUTENIbHO YMEHBIIAeTCs MO
CpPaBHEHHMIO ¢ OOJpPCTBOBAHMEM B3auMoOKoppemsauus Mexay D3I B OunarepanbHO
CUMMETPHUUYHBIX HUKHEJIOOHBIX o0nacTax. B To e Bpems, KOppelsluOHHbIE CBS3U
Mexay OOI B 3alHEBUCOYHBIX OTJENAaX YMEHBIIAIOTCS B JeNbTa-CHE B OoJbllel
Mepe, 4eM B IapaJOKCaIbHOM CTauu.

[TonyuyeHHbIE JaHHBIE MO3BOJISIIOT IIOJIaraTh, YTO pa3JIMYHbIE CTagud CHa
COCTABJISIFOT €AMHBIM KOHTHHYYM COCTOSIHUI, HECMOTPSI HA U3BECTHBIE 3HAUUTEIIbHBIC
pasIuuMsl IIEKTPOrpaPpuUecKol KapTUHBI PErucTpaluuii OMOMOTEHIIMAIOB B Ka)J0M
n3 craauii. Ilo pesympraram NOpOBEAEHHOTO HAaMH HCCIIEIOBAHUS BBISBIISIETCS
CIIOXHAsi CTPYKTypa IMEpPEeCTpPOeK IO Mepe YriayOJNeHuss CHa MEXMOTyIapHbIX
OTHOIICHUM AaKTUBHOCTH OWiIaTepanibHO CHUMMETPUYHBIX 00JacTell KOpbhl 000MX
nonymapuid. CyIeCTBEHHO, YTO B OWJIaTepalbHO CHUMMETPUYHBIX MEpeaHETOOHbBIX
30HaX KOpbl KIMEHHO B IPEMOTHOM COCTOSIHUU HaOIIoAaeTcsl Haubosee 3HaYuTeIbHOe
YBEJIMYEHUE MEXKIIONIYIIapHOTO B3auMoaeucTBuss D3OI, 4yTO MOXKET UMETh 0co0oe
3HAYEHHUE MPH OLEHKE POJIU ITUX OTIEJIOB KOPBI B Pa3BUTHU COCTOSIHUS CHA.

Pabora nognep:xana I'pantom PTH® Ne 10-06-01000a
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THE EFFECT OF HEAT SHOCK PROTEIN 70 KDA ON TEMPORAL
CHARACTERISTICS OF SLEEP AND WAKEFULNESS DURING
ENDOTOXAEMIA IN PIGEONS AND RATS

Lapshina K.V.

I.M. Sechenov Institute of Evolutionary
Physiology and Biochemistry RAS
Saint-Petersburg, Russia

e-mail: ksenia.lapshina@gmail.com

It is known that the rise in amount of endotoxin lipopolysaccharide (LPS)
from Gram-negative bacteria in blood induces endotoxaemia. Changes in sleep
structure are the specific symptoms of this state [Krueger et al., 1991]. It was
revealed that heat shock protein 70 kDa (Hsp70) possesses the protective effect on
physiological functions in different models of stress [Pastukhov, Ekimova, 2005].
The goal of this study was to investigate and to compare the effect of exogenous
Hsp70 on temporal characteristics of sleep and wakefulness during the
endotoxaemia in pigeons and rats.

In this investigation the electrophysiological methods were used.
Endotoxaemia in animals was evoked by the intravenous injections of LPS (100
mkg/kg). Hsp70 (obtained at the Institute of Cytology RAS) was injected
intravenously 15 min before LPS (85 mkg/kg).

Endotoxaemia in pigeons and rats was characterized by the decrease in total
time of wakefulness and rapid-eye-movement (REM) sleep and increase in non-
rapid-eye-movement sleep (NREM) (because of the increase in number of its
episodes). In pigeons, the injection of Hsp70 before LPS did not cause the marked
changes in total time of wakefulness and NREM in comparison with LPS alone.
However the recovery of total time of REM occured an hour earlier. The rise in
total time of NREM issued because of the increase in episode duration. In rats the
injection of Hsp70 evoked the restoration of total time of wakefulness and NREM
an hour earlier and the recovery of total time of REM 2 hours earlier in comparison
with endotoxaemia. Under these conditions the amount of NREM in rats rose
because of the increase in episode duration, like in pigeons. Thus our data have
shown that Hsp70 can hasten the restoration of temporal characteristics of sleep
and wakefulness during endotoxaemia in rats and pigeons and evokes the
elongation of NREM episodes.
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BJIUSAHUE BEJIKA TEIIJIOBOI'O IOKA KJIA HA BPEMEHHBIE
XAPAKTEPUCTHUKHU COCTOSSHUH CHA U BOJAPCTBOBAHUA [TIPU
SHIOTOKCEMUU Y TOJYBEN U KPBIC

Jlanwiuna K. B.

Hucmumym 3eontouuonnoin pusuonozuu u
ouoxumuu um. U.M.Ceuenosa PAH
C.-Ilemepoype, Poccus

e-mail: ksenia.lapshina@gmail.com

N3BecTHO, 4TO ToOmajgaHue B KpPOBb HSHAOTOKCHMHA TPaMOTPHUIIATEIbHBIX
Oaktepuii nunononucaxapuaa (JIIIC) Be3bIBaeT pa3BUTUE IHAOTOKCEMHUHU. OTHUM
U3 MPU3HAKOB ITOTO COCTOSIHUS SBJISICTCS U3MEHEHHUE CTPYKTypbl cHa [Krueger et
al., 1991]. Iloka3ano, yTo 0€JIOK TEMJIOBOIO II0Ka C MOJIEKYyJsipHOU Maccoit 70 k/la
(Heat shock protein, Hsp70) oka3pIBaeT 3aliuTHOE JEUCTBUE HA (DU3UOJIOTHUECKHUE
(GyHKIIMU TpU pa3IMYHBIX CTpeccOpHbIX BozaeicTBusax [Ilactyxos, Exumosna,
2005]. Cnocoben nu sk30reHHbIil Hsp70 yMeHbIINTD HAPYIIEHUS CHA, BbI3BAaHHBIE
SHJOTOKCEMHUEH, He wu3BecTHO. llenb ngaHHOrO wHCCleNOBaHUS - HU3YYUTh U
conoctaBuTh BiusiHuEe Hsp70 Ha BpeMeHHBbIE XapaKTEPUCTUKH COCTOSHUM CHA U
00JIpCTBOBAHUS MPU SHJIOTOKCEMUU Y rojiyoei u Kpbic. B paboTe Mcmoib30BaHbI
ANEKTPOPU3UOIOTHYECKHE METO/Abl. DHAOTOKCEMHUIO Y JKUBOTHBIX BBI3bIBAIU
BHyTpuBeHHBIM BBeneHueM JIIIC B moze 100 mkr/kr. Hsp70 (momyueHHbIN B
nabopaTopuu 3alIUTHBIX MeXaHu3MoB KieTku WMuctutyra nutonmorun PAH)
BBOJIWJIM BHYTPUBEHHO B 03¢ 85 MKI/KT 3a 15 MUH 10 Hauana SHJOTOKCEMHUH.

VYcTaHOBIIEHO, YTO MPU PHAOTOKCEMUU y TOIyOeld U KpbIC HAOIIOJAI0Ch
YMEHbIIIEHUE OOIIEro BpeMEHH OOAPCTBOBAHMS U OBICTPOrO CHA, U yBEIUYCHUE
oOlllero BpPEMEHHM MEIJIEHHOTO CHa 3a CYET YBEJIMYEHHUS YHCIIa SMH30/0B.
[IpeaBapurensHoe BBeneHue Hsp70 He BbI3BIBAIO Yy TronyOeld 3HAUYUMBIX
M3MEHEHUM 00111er0 BpeMeH! 00 IpCTBOBAHUS U MEJIJIEHHOTO CHA MO CPAaBHEHUIO C
nericteuem oxnoro JIIIC, ogHako, BOCCTaHOBJIEHHE OOIIETO BPEMEHHU OBLICTPOTO
cHa mpoucxoawno Ha 1 wyac pasmbmie. B ormmume ot nevictBus ognoro JIIIC,
yBeJIMUeHUE OOIlero BPEMEHHM MEIJIEHHOro cHa mocie BBeaeHus Hsp70
MPOUCXOJUIIO 332 CUET YBEIWYEHUS NJIUTEIbHOCTU 3MU30J0B. Y KPBIC BBEJACHUE
Hsp70 cmocoOGcTBOBano ©Oojiee paHHEMY BOCCTAaHOBJICHHIO OOIIErO0 BpPEMEHH
00JIpCTBOBaHUSI U MEJICHHOro cHa (Ha 1 vac) u oOliero BpeMeHu OBICTPOro CHa
(Ha 2 gaca), 4eM B YCIOBUSAX OJHOM sHI0TOKCeMUH. Kak u y rony0eid, KOJIM4ecTBO
MEJIJIEHHOTO CHa y KpBIC B 3THX YCIOBHUSIX BO3pAcTajo 3a CUET YBEIUYCHUS
JUTUTEIIbBHOCTH 3MHU300B.

[lonmyyeHHble B XOJE€ HCCIENOBAHUSI JAHHBIE CBUJACTEILCTBYIOT O TOM,
sk30reHHbId Hsp70 MOXKET yCKOPSATh BOCCTAHOBIICHUE BPEMEHHBIX XapaKTEPUCTHUK
COCTOSIHUUM CHa W OOAPCTBOBAHUSI MPU IHAOTOKCEMUH Y royOel U KphIC, a TaKkKe
CIOCOOCTBYET YBEIMUYCHUIO JJIMUTEIBHOCTH 3MU30J0B MEIJICHHOTO CHAa BO BpeMs
nevicteus JIIIC.
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INTER-INDIVIDUAL DIFFERENCES IN QUALITY OF PERFORMING
PROLONGED AND CONTINUOUS NIGHT WORK

Lavrova T.N., Dorokhov V.B.

Institute of Higher Nervous Activity and Neurophysiology RAS,
Moscow, Russia

e-mail: lavt@mail.ru

Sleepiness and fatigue among night shift workers are known as potential
risks for occupational safety and health in many industries. Shift workers have
irregular work schedules and can not often have a rest. There is a need to evolve
appropriate strategies for the sustained and optimum performance during the night
work, and also to define tolerant for night shift workers.

In the present study we have investigated the inter-individual differences in
the quality of performing the prolonged and continuous night work with a short
spontaneous nap opportunity.

The long lasting experiments took place at nighttime from 22 p.m. till 5 a.m.
6 young adults (men, age of 18-26 years) participated in 5 night experiments. The
total number of experiments - 30. Participants could take a short nap opportunity
(less 15 min). EEG, polygraphic parameters and video-image of participants were
recorded with the polygraph «PolySon», NEUROCOM, Russia.

Participants performed a two-way psychomotor vigilance test. According to
color of the flash participants press the button: in reply to green light by right hand,
in reply to red — by left. Interstimuli intervals varied from 2 up to 4 s, by random
order, green - 70 %, red - 30 %. Reaction time and errors were recorded during
experiment.

According this study participants have been divided into 3 groups by quality
of nigh-time performance (high, middle and low efficacy). It can help to define
tolerant for night shift workers. We also divided participants by their tolerance for
regular night work schedules: workers which appropriate to regular night shift,
workers which appropriate only to single night-shift, and workers which not
appropriate to night shift.

Support: Russian Humanitarian Science Foundation Ne 11-36-00242a1
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MHorue coBpeMeHHbIe Mpodeccur TPeOYIOT BBIMOIHEHUSI ONEPATOPCKOM
JESATETbHOCTH B HOYHOE BpeMsl B CUTyallud JACHpHUBAllUU CHA. Y DPaOOTHHUKOB
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HOYHOM CMEHBI YaCcTO MMEETCS BO3MOXHOCTbH IMOCMATh JUIIbL KOPOTKHUHU MEPUOL
BPEMEHHM, 4YacTO BO3HUKAIOT CHUTyalluu, Korja TpeOyeTcs HempepbiBHAs
nesATenbHOCTh. [Ipu  Takux yclOBUSIX HEM30€KHO YXYIUIEHHE KadecTBa
BBITIOJTHEHUS JEATEILHOCTU U MosBieHue omubok. [Ipodiema cocTouT B TOM, Kak
OpraHu30BaTh pabOTy B TaKUX YCIOBUSIX, a TAKXKE€ KaK MOA0O0paTh MOAXOASIIUX
JUISL TAKOM pabOTHI JIFOCH.

Llenpro HacTosied pabOThl OBUIO HCCIEJOBAaHUE HHAWBHUAYaIbHBIX
paznuuuii B 3¢ ()EKTUBHOCTH BBITIOTHEHUSI HEMPEPHIBHOM HOYHOW OINEpPaTOPCKOU
JESATEbHOCTA HEAJalTUPOBAHHBIX K HEW HCHOBITYEMbIX MPU BO3MOXKHOCTHU
CIIOHTAHHOT'O KPAaTKOBPEMEHHOTO CHA.

DKCIEPUMEHTBI TPOBOJIUIIM B HOUHBIC YaChl, ITTUTEILHOCTh YKCIIEPUMEHTOB
coctaBisuia S5-7 4vacoB. HcmbITyemMbIM paspemiaioch YCHYTh Ha BpeMs, HeE
npesslmatomee 15 munyt. KonmuectBo HCHBITYyeMBbIX 6 4elloBEK, Bo3pacT 18-26
ger. C KaXIbIM HCIBITYeMBbIM OBIJIO TPOBEASCHO 5 SKCIEPUMEHTOB (HOYEH).
WcnbiTyeMbll, cuien B yI0OHOM Kpecie, B 3ByKOM30JUPOBAHHOM, 3aT€MHEHHOM
nomenieHud. OnepaTop HAXOAWICS B JAPYroll KOMHATe, OLICHUBAs COCTOSIHUE
UCIIBITYEMOTO o BUJIEOU300PAKEHHUIO. PeructpupoBanu
anekTpodHiedanrorpaMmmy B 6 OTBEIECHUSX, MOIUTpapuUUECKre MapaMeTphl,
CUHXPOHHOE BHUJACOM300pAKEHUE UCIBITYEeMbIX. Perucrpaiuioo u aHaiu3 JaHHBIX
MPOBOJIMIIM HA MHOTOKaHaJIbHOM KOMITbioTepHOM nonurpade «IlomuCony», Gupmsl
HEPOKOM, Poccus.

HcnbiTyemMblil BBINOJNHSAN JBYXaJIbTEPHATUBHBIA MCUXOMOTOPHBIN TecT. B
3aBUCUMOCTH OT IIBE€TAa CBETOAMOJ]A HAXKMMaJl HAa KHOIMKY MPaBOM WU JIEBOU
pykoil. MHTepBanbsl mojayum CBETOBOTO CTUMYyJa BapbuUpoBald OT 2 10 4 cek.
BepostHocTh nosiBieHus 3e1eHoi Benbiku Obia 70 %, a kpacHoit -30%.

[lo nmapamerpam s¢ddekTuBHOCTU pabOThl OBUIO MOKA3aHO HAIMYUE TPEeX
TUIOB  ONEPATOPCKOM  JEATENbHOCTH  (BBICOKAs, CpeOHsAsT U HU3Kas
3¢ (PEeKTUBHOCTH), YTO TO3BOJSET MPOBOAUTH MNpodeccuoHaIbHBIE  OTOOP
OMepaTopoB MO CHOCOOHOCTH K MPOAOJDKUTENbHOW HOYHOM padote. Ilo
CIIOCOOHOCTHU K PEryJiipHONM HOYHON paboTe ObUIN BBIIEICHBI CIEAYIOLUIUE TPYIIIbI
UCIIBITYEMBIX:

HcnbiTyeMble, moAXOAsSUIME JUIsl PETyIsIpHOM HOYHON pPabOThI — XOPOILIO
paboTtasii Ha TOPOTSHKEHUM BCEX  OKCIEPUMEHTOB, JIMOO TMpU  HU3KOU
3¢ pexkTuBHOCTH pabOTHl B MEPBYID HOYb, B MOCIEIYIOIIME HOYM IOKa3aTeIu
3¢ PEeKTUBHOCTHU AEATETLHOCTH YIYUIIUIHUCH.

HcnbiTyemble, moaxomsiuiue s OJHOKPATHOW HOYHOM CMEHBI, HO HE
MOAXOSIIUE I PEryJIsIpHONM HOYHOM pabOThl — XOpOIIO padoTaiud B MEPBYIO
HOYb, TOTOM 3()PEKTUBHOCTH PAOOTHI CHU3UJIACK.

HcnbiTyeMble, HE TOAXOASAIIUE ISl HOUHOW pabOThl BO BCE HOUYM MOKA3aIu
HU3KYI0 3 (EKTUBHOCTH pabOTHI.

Pa6oTa yacTH4YHO BbINOJIHEHA NP MOAJEPKKe
Poccuiickoro I'ymanntapuoro I'ayunoro ®@onga (mpoext Ne 11-36-00242a1)
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A NEW METHOD OF ONE-DAY SPATIAL LEARNING IN RATS FOR
INVESTIGATION OF A ROLE OF SLEEP IN MEMORY
CONSOLIDATION

Manolov A.1L., *Pleskacheva M.G., Dorokhov V.B.
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Moscow, Russia
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To investigate the role of sleep in the process of the memory consolidation,
one needs to use some form of training that is based on the hippocampus and
allows a quick learning (one day is preferable) to distinguish between memory
consolidation during sleep and other forms of memory consolidation.

One of the most popular behavioural techniques for the spatial learning in
sleep research is the Moris water maze. Our research showed that after one-day
training in the water maze, spatial memory retention is not good enough and one
needs at least two-day learning protocol.

It motivated us to search for a different and more suitable behavioural
technique for a one day spatial learning to use it in our future research. For this
purpose we studied rats behaviour in the modified plus maze.

Instead of using food as positive reinforcement (which is standard for the
plus maze), we are using the negative stimulus - fast water level raising. Water
level raising fear is ecological for rats as floods some time occurs in their natural
habitat and which can have very serious aftermath for rats. Our plus maze had
possible exits to dry surface, only one of which was opened during all the trials.
Rats were placed to different parts of the maze to stimulate them to use spatial
memory instead of path integration strategy.

Our pilot series of experiments showed that water level rising do trigger
strong fear reaction which motivate rats to seek exit and then to remember which
of four maze arms leads to it.

Support: RFBR grant Ne (09-04-01633a
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Jlnst Toro, 4toObl HCClENOBaTh ydyacTHE CHAa B KOHCOJUJAIMU MaMSTH,
HEO0O0XO0JMMO MPUMEHEHHUE METOUK MPOCTPAHCTBEHHOTI'0 00YUYEHHUSs , KOTOPHIE, BO-
MEPBbIX, CBSI3aHBI C THUIIOKAMIIOM , a BO-BTOPBIX, IO3BOJISIIOT MPOBOIAUTH
oOyyeHue OBICTPO, JKEJNAaTeNbHO B TEYEHUM OJHOTO MHS (Y4TOOBI OTIEIUTH
KOHCOJUJAIMIO TaMATH BO BpEeMs CHAa OT KOHCOJMAAIMHU, MPOUCXOIAIIEH BO
BpeMsi 00JIpPCTBOBAHMS).

Yamie Bcero st 3THX IleJiel MpUMEHsIeTCsl BOJHBIN JabupuHT Moppuca.
Ham wuccrnenoBanuss oAHOCYTOYHOTro o0OydeHMs Kpbic (quHuum Wistar u Long
Evans) B BogHom nabGupunTte Mopuca, moka3zand HEAOCTATOYHO YCTONYMBOE
BOCIIPOU3BEACHUE 00YUCHHUSI, TPU TECTUPOBAHUU YEPE3 OJHU CYTKHU.

B mnouckax Oosee moaxoisuied METOAUKUA OJHOJHEBHOTO OOyYEeHHUS U
BIMSHUS JICTIPUBAIlMM CHA HA KOHCOJNHAAIMIO MaMSATH, Mbl HCCIEI0BaIU
MOBEJICHUE KPbIC B MOAM(PUIHUPOBAHHOM KpecTooOpazHoM sabupunre. CyTb
MOAU(DUKAIIUYA COCTOSIIO B 3aMEHE MOJIOKUTEIBHOTO MUILEBOTO MOJKPETUICHUST Ha
HETAaTUBHBIM CTUMYJ — OBICTpO€ YyBelWueHHEe YpoBHS Boay. CTpax mnepen
HapacTalIIUM YPOBHEM BOJbI, SIBISETCA SKOJOTMYHBIM JJISI KPBIC, MOCKOJIBbKY B
€CTECTBEHHBIX YCIOBUSAX OOUTAHUS 3TO CBA3aHO C YTPO30M 3aTOILICHHUS.

[lunoTHast cepusi SKCIEPUMEHTOB IMOKa3aja, YTO Y KpPbIC JIEUCTBUTEIBLHO
BO3HUKAET CUJIbHAs aBEPCUBHAs PEaKIUsi Ha HapacTaolUi YpOBEHb BOJbI, YTO
noOy’>KJ1aeT MX HCKaTh BBIXOJ HA CYXYI IUIOMIAJKy U OBICTPO 3allOMHHATh
COOTBETCTBYIOIIHNM pyKaB JaOMpPHUHTA C TAKOW MJIOIIAAKOM.

PaGora nopep:xkana rpanramu: POOU Ne 09-04-01633a; OBH PAH
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SLEEP DISORDERS FROM THE PERSPECTIVE OF ENT

Martonova J., Voldanova J.

University Hospital Kralovské Vinohrady, ENT Bepartment
Prague, Czech Republic
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Recently, more attention is paid to obstructive breathing
disorders during sleep and also related snoring. Snoring can be a
symptom of sleep apnea syndrome, which is manifested by repeated
episodes of sleep apnea with a decrease in saturation of oxygene. In
the last twenty years have been described serious health consequences
of obstructive sleep episodes, which stirred up interest in the
diagnosis and treatment of sleep apnea syndrome. European
Respiratory Society estimates that 4% of Europeans suffer from these
short repeated respiratory arrest with the blockade of the airway
during sleep. The disease is associated with significant morbidity and
mortality, but may be potentially dangerous to society-wide
consequences. The lecture mainly summarizes the current surgical
treatment. Prior to treatment indications, it is necessary to conduct
thorough investigations, including monitoring of sleep in a sleep
laboratory. Treatment always begins with lifestyle measures, including
reduction in body weight. The gold standard of treatment is CPAP.
Inappropriate indications of surgery can cause permanent damage to
the patient.
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AT SEVERAL DAYS IN CAPTIVE NUTRIA
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’Southern Federal University

Rostov-on-Don, Russia
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The semi-aquatic mammals have several periods of sleep over the entire
circadian period, which are related to sleepiness periods. The organisms living on
land and water have a variety of sleep and wakefulness (Galantsev, 1977; Lyamin,
2002). In long-term animal remaining in captivity, the cycle of sleep-wakefulness
differs more from the natural one due to a pressure of dietary habits and light
exposure changes.

The cycle of sleep-wakefulness and behaviour of semi-aquatic rodents -
nutrias were fixed continuously on a land during 5 days in laboratory where
animals contained one by one in cages (600x600x600 mm) at the 2-times feeding.

It is shown that the cycle of sleep-wakefulness of nutria has repeated
alternation of episodes of sleep and wakefulness such as in other mammals, except
humans. The amount of episodes of behavioral sleep varied from 7 to 21 during the
dark period and from 3 to 8 during the light period. The most prolong episodes of
sleep were fixed at night (to 59-72 minutes), and the shortest (from 5 to 15 min) -
in the afternoon. Duration of daily sleep wasn’t more then 30 minutes.
Electrophysiological control showed that the most part of behavioral sleep of
nutria occupied shallow and deep slow wave sleep. The paradoxical sleep was
represented by short episodes from 0.5 to 1 minute. During the adaptation of the
animals to laboratory conditions their slow wave sleep decreased from day to day
and paradoxical sleep increased up to 3 - 11 minutes by the final days.

Thus, the sleep of nutrias in captivity is presented by a chain of short and
long sleep episodes. Most longer of them appeared during the dark period of the
day. The animals were active in the morning (from 5 to 7AM) and in the evening
(from 8 to 10PM) then light exposure changes with the sun rising and sunset. Our
data of nutria's cycle of sleep-wakefulness and behavior detail the conception
about organization of mammal sleep (Galantsev 1977, 1978; Muchametov et al.,
1984, 1986; Lyamin et al, 1989, 1996, 2002). It is important for understanding the
nature of adaptive role of sleep in semi-aquatic animals during the change of their
living conditions.
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MHOI'OCYTOYHOE UCCJIEJOBAHHUE INUKJIA COH-
BOJPCTBOBAHUE U MOBEJAEHUA HYTPUM (MYOCASTOR COYPUS)
B HEBOJIE

Muxaiinosa IO.F.Z, Bepouuxkuii E.B.I, Kubanvnuxoe A.C."?

IHHcmumym apuonwix 30n FOHI] PAH, Pocmog-na-/lony, Poccusn
FOscnurin geoepanvuuiii ynueepcumem, Pocmoe-na-/{ony, Poccus
e-mail: uleana/@yandex.ru

COH MOyBOJHBIX MJIEKONMUTAIOIIMX B MPUPOAE HACTYIIAET HECKOJIBKO Pa3 B
cyTku. OH IpUypoUEH K NeproiamM HauOobIIei connuBocTU. PazHooOpa3uem cHa
u OOAPCTBOBAHUS OTIMYAIOTCS OPTraHU3MBI, JKUBYIME Ha CyIIe M B BOJIE
(I'ananues 1977; Jlsmun, 2002). YeM pombliiie >KMBOTHOE B HEBOJIE, TEM OOJbIIIE
IUKJI COH-OOJIPCTBOBAHUE OTJIMYAETCSI OT €CTECTBEHHOTO MO/ JIaBJICHUEM PEXUMa
MMATAHUSA U CMEHBI OCBEIIEHHOCTH.

[{ukn coH-00ApCTBOBAHME U TMOBEACHUE MOJYBOJHBIX TPHI3YHOB - HYTpHUI
(bUKCUPOBAIUCH HA CYIlIE HEMPEPHIBHO B TE€UEHHE 5 CYTOK B JabopaTropuu, Iie
KUBOTHBIE COJIEPKATUCh MOOJMHOYKE B KieTkax (600x600x600 mm) mpu 2-X
Pa30BOM KOPMJIEHUH.

[lokazaHo, 4YTO B TEYEHHWE CYTOK IHMKI COH-0OJAPCTBOBAHUE HYTPUHU
OTJINYAETCSI MHOTOKPATHBIM YepeJOBAHUEM SIHU30/10B CHA U OOAPCTBOBAHUS KaK Y
BCEX MJIEKOMUTAIONINX, KPOME YesioBeKka. KolnuecTBO 3MU3040B MOBEAECHYECKOTO
CHa 3a HOYb Kosiebanock oT 7 10 21. JIHeM smu3070B cHa ObLTO MeHbIe (3 — 8).
Campble TPOIOKUTEIbHBIC SMHU304bI CHA (PUKCHUPOBAIUCH HOYBIO (0 59 - 72
MUHYT), @ caMmble KOpOoTkHe (oT 5 mo 15 muu), - naem. I[IpoaomKUTENbHOCTH
JHEBHOTO CHa penko gocturana 30 mMuH. DIeKTPOPU3HOIOTMYECKU KOHTPOIb
MoKa3aja, 4To OOJBIIYI0 YacTh TMOBEJAECHYECKOr0 CHA HYTPUM COCTAaBIISI
MOBEPXHOCTHBIM M TayOOKUN MenjeHHbld coH. I[lapagokcanbHbli COH OBLI
kopoTkuM, oT 0.5 mo 1 mun. Ilpum amantanuu KUBOTHBIX K J1abopaTopuu HX
MEJIJIEHHBI COH YMEHbIIAJICS OT JHS KO JIHIO, a MapaJOKCAIbHBIM — BO3pacTal,
NOCTUTas B KpailHue CyTku 3 - 11 muH.

Takum 00pa3oMm, COH HYTpUW B HEBOJIE MPEACTABICH Yepeoil KOPOTKUX U
JUIMHHBIX 3MU30/10B cHa. Camble NJUMHHBIE U3 HUX MOPUXOJUIUCHh HAa TEMHOE,
HOYHOE BpEeMsi CYTOK. AKTUBAIUs MOBEJICHUS dKUBOTHOIO HabJI0AaIach yTpoM (C
5 no 7 u4), a Takxke BeuepoMm (¢ 20 10 22 4) mpu 3HAYUTEIbHBIX HU3MEHEHMSIX
OCBEILIEHHOCTH Ha BOCXOJE M 3axX0/€ COJIHIA. [lonydeHHble pe3ynbTaThl MO LHUKITY
COH-OOJPCTBOBAHME U TMOBEJICHUIO HYTPUU JIETATM3UPYIOT MPEACTABICHUS 00
opranmzarnuu cHa miekonurtaromux (I'amanmes 1977, 1978; MyxameToB u np.,
1984, 1986; Jlamun u ap., 1989, 1996, 2002), uyTo BaxHO JJjIs MOHHUMAaHUS
MPUPOJIbI aAANITUBHOM POJIM CHA MOJYBOJIHBIX KUBOTHBIX MPU U3MEHEHUHU YCIOBUI
KU3HEEATEIbHOCTH.
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IMMUNOHISTOCHEMICAL INVESTIGATION OF AGRP INFLUENCE
ON TYROSINE HYDROXYLASE LEVEL IN HYPOTHALAMIC
NEURONS

Mikhrina A.L.
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e-mail: nastya_mihrina@mail. ru

Sleep destruction 1is monitored with different metabolic diseases
(hyperleptinemia, hyperinsulinemia, diabetes), which are usually accompanied by
body weight increase. AGRP (agouti-related protein) neurons found only in
arcuate nucleus (ARC) of the hypothalamus but these axons are in different areas
of the brain. Huge AGRP-innervation identified in ventromedial and median
preoptic nuclei, in suprachiasmatic nucleus, locus coeruleus, ventral tegmental area
(VTA) etc., which are regarded as important somnogenic areas of the brain.
However, in these areas it was shown the presence of dopamine (DA) neurons or
their axons. Previously in Agouti yellow (genotype Ay/a) mice after development
of obesity and reduce AGRP, we have identified an increase in functional activity
of DA neurons in the brain (Romanova et al., 2008, 2009). We assumed the
inhibitory effect of AGRP on DA neurons. In experiment in vitro on mice C57J/Bl
after incubation with AGRP the brain slices from VTA, we found the decrease of
tyrosine hydroxylase (TH — a key enzyme of catecholamines synthesis) which
confirms inhibitory effect of AGRP on DA neurons. The aim of this study was to
examine the effects AGRP on hypothalamic DA neurons in experiment in virto.
Immunohistochemical techniques were used (DAB- and biotin-streptavidin
technique, western-blotting, double immunofluorescence), light and confocal
microscopy. The experiment in vitro has been made in female C57J/Bl mice
weighing 18 g. In sterile conditions the frontal slices from hypothalamus were cut.
After 30 min of preincubation explants were incubated 3 hours: control (n=5) in
pure media and experimental (n=5) in media with AGRP (200 nM, Phoenix Inc.,
USA). The results of quantitative analysis showed the reduce of TH optical density
(on 30% vs. control, p<0.05) in hypothalamic neurons in experimental samples.
The data demonstrate inhibitory effect of AgRP on DA hypothalamic neurons and
support the role of AGRP as a messenger between metabolic factors circulating in
the blood and various neurons of the brain, such as DAergic.
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NUMMYHOI'NCTOXUMHNYECKOE UCCJIEAOBAHUE BJIMAHUA
AT'YTU-ITIOJOBHOI'O BEJIKA HA YPOBEHb
TUPO3UHIUJIPOKCUJIA3BI B HEUPOHAX TNIIOTAJIAMYCA

Muxpuna A.JL.

Yupeowcoenue Poccuiickoit akademuu nayk Hncmumym 3601104 U0OHH O
¢uzuonocuu u ouoxumuu um. .M. Ceuenosa, PAH
Cankm-Ilemepoypez, Poccus

e-mail: nastya_mihrina@mail. ru

Hapymienuss cnHa HaOmogaloT 0Opu  MeTabOJWYecKuX 3a00JeBaHUSIX
pa3IUYHON MOPUPOABI (TUMEPICHTUHEMUS, THUIEPUHCYJIEMHUs, AUA0ET), KOTOPhIC
0OBIYHO COIPOBOKIAAOTCS YBEIIMYECHUEM MacChl Telna. Heuponsl,
BoipabaThiBatomue AGRP (agouti-related protein), BbISIBIEHBI TOJBKO B arcuate
nucleus (ARC) rumoranamyca, a UX OTPOCTKH - B Pa3IUYHBIX 00JacTAX MO3ra.
Oo6unsHas AGRP-unnepBanus BoisiBiieHa B ventromedial u median preoptic nuclei,
suprachiasmatic nucleus, locus coeruleus, ventral tegmental area (VTA) u np.,
KOTOpPbIE paccMaTPUBAIOTCS KaK BaXKHbIE COMHOTE€HHBIE 30HbI MO3Ta. BmecTe ¢ Tem
B 3THX OO0JACTSAX BBISIBJICHO MpuCyTcTBHE HodamuHepruueckux (A) HelipoHOB
uiu ux orpoctkoB. Panee Ha Mmbimax Agouti yellow (renotun Ay/a) Ha done
pa3BUTUA OXHUpPEHHS W yMeHbIleHUus ypoBHSI AGRP B mo3re Hamu BBISBICHO
yBelnnueHrue GyHKIMOHAIBbHOM akTuBHOCTU JIA HeiipoHoB mo3ra (Pomanosa u np.,
2008, 2009), uTo MO3BOAWIO MPEANOJIOKUTh TopMo3Hoe BiusiHue AGRP na JIA
HelipoHbl. B skcnepuMenTax in vitro Ha wmbimax C57J/Bl mocne unkybanuu c
AGRP mnepexuBaronmx cpe3oB Mo3ra n3 VIA HaMu BbBISIBICHO YMEHBIICHHE
ypoBHs  TuposuHruapokcmnasel  (TI'),  kmoueBoro  ¢depmenTta  cuHTe3a
KaTEXOJIAMUHOB, YTO MOJATBEPKIACT TOPMO3HBIN xapakTtep Bo3aeiictBuss AGRP Ha
JIA ueiiponsl. llenpio HacToAIIETrO MccienoBanus OblTI0 oleHuTh Biusaue AGRP
Ha /IA HellpoHbI rUNoTasiaMmyca B 3KCIEpPUMEHTE in virto. beuin Mcnonb30BaHbI
UMMYHOrUcTOXumMudeckue metonbl (JJAb-Meroq u OUOTHMH-CTPENTOBUIMHOBAS
METOJMKa, BECTEPH-OJIOTTUHT, IBOWHOE (PIYyOpPECUEHTHOE MEYEHHUE), CBETOBas U
KoH(pOKanbHass MUKpOCKomus. B skcmepuMeHTe in Vvitro ObUIM HCIOJIb30BaHbI
camku Mmbimeidr C57J/Bl Becom 20 rp. B cTepuiabHBIX YCIOBUSAX BO (DPOHTAITBHOM
IJIOCKOCTU BbIpe3ajdu o01acTh Mo3ra ¢ rumnotaitamycom. Ilocme 30 MuHyT
MPEUHKYOalMK SKCIUIAaHThl UHKYOUpOBaiu 3 vaca: KOHTPOJbHbIE (N=5) - B YUCTOU
MUTATEIbHOU Cpelie, a SKCIIEpUMEHTallbHbIe (n=5) — B cpeae, coaepxkaiei 200 nM
AgRP (200 nM, Phoenix.Incorp., USA). Pe3ynpTaThl KOIMYECTBEHHOTO aHAJIN3a
CBUJICTENICTBYIOT 00 yMEHBIIEHUMU onTudyeckod miuoTHoctu TI' B HelipoHax
AKCHEpUMEHTAIbHBIX  00pa3uoB (Ha 30%, p<0.05) 0o cpaBHEHHIO C
KOHTpOJIbHBIMU. [lonydyeHHble HAMU TaHHBIE JEMOHCTPUPYIOT TOPMO3HBIN 3P DeKT
AgRP Ha JIA HeWpoHBl rumortajgamyca H© CBHACTEIBCTBYIOT B IOJb3Y
npeanoyioxkenus o ponu AGRP kak mocpeaHuka, Mexay MeTabOIMYEeCKUMU
(dbakTopamMu, UPKYJIUPYIOIMIUMHU B 00IIEM KPOBOTOKE, U Pa3IMUHBIMU HEHpOHAMU
MO3Tra, B 4aCTHOCTH | AepruuecKkumu.
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It is known that brain dopamine (DA) participates in regulation of
locomotion activity. However, recently interest of researchers is connected with
studying of DA role in sleep regulation as DA innervates all the key somnogenic
brain regions. The reduction of DA in nigro-striatal system, in particular at
Parkinson diseases, i1s accompanied by sleep destruction, and motor symptoms
appear only after degeneration of 70-80 % substantia nigra (SN) DA neurons. In
Wistar rats treated by lactacystin injections to SN, the experimental model
(Pastukhov YF et al., 2010) has been developed. In this model the reduction of
neurons which were immunopositive to tyrosine hydroxylase (TH - the key
enzyme of catecholamine synthesis) in compact part of SN was detected. It is
known that a CART-peptide (cocaine-amphetamine regulated transcript) is
expressed in nucleus accumbens (nAcc) neurons which send the processes to SN
DA neurons and ventral tegmental area (VTA). In the experiments in vitro,
activating action of CART on DA neurons (Romanova IV et al., 2008, 2009) is
shown. The aim of present investigation was to find the changes of CART level in
striato-nigral projections in experiments with different doses of lactacystin.
Immunohistochemical methods (the DAB- and biotin-streptavidine technique,
Western-blotting, double fluorescence), light and confocal microscopy have been
used. The immunoreactivity was indicated by the quantitative analysis and optical
density (OD) detection. The quantitative analysis has shown that after reduction of
30-35% DA neurons in SN (when reduction of TH OD in dorsal striatum was not
indicated) the CART level was significantly increased: by 53% in nAcc and 61%
in the midbrain. After destruction of a number of DA neurons in SN and huge
reduction of TH in dorsal striatum, the level of CART was significantly increases:
by 96% in nAcc and 100% on the midbrain. At the same time the significant
elevation of TH in neurons of VTA was detected. The obtained data testifies of
activating influence of CART on functional activity of the remained DA neurons
of SN and VTA and its participation in compensatory brain mechanisms at the DA
lack. We believe that at destruction of nigro-striatal system there is an activation of
mesocortical DA system that can affect the changes of sleep-wake cycle.
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UMM YHOT'MCTOXUMHUYECKOE UCCJEJOBAHUE CART-
NENTUJA B CTPUATO-HUTPAJILHBIX IPOEKLMSIX MTPU
JETEHEPALIMM TO®AMUHEPTUUYECKUX HEPOHOB YEPHOM
CYBCTAHLIMM

IHackapenxko H.M., Apmioxuna 3.E., Yecnoxoea A.IO.

Yupeowcoenue Poccuiickoit akademuu nayk Hncmumym 3601104 U0OHHOT
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e-mail: romanova.irina@gmail.com

N3BecTHO, yTo nodamuH (/]A) Mo3ra ydyacTByeT B PETryJIsILIUU JBUTATEIIbHON
aKTUBHOCTH, OJIHAKO B TMOCJEAHEE BpEeMs HHTEpPEC HCCIeAOoBaTENeH CBS3aH C
u3yuenuem ponu JJA B perymsiuu cHa, Tak kak [|A HWHHEPBUpPYET KIIIOYEBbHIE
COMHOTEHHBIE 30HBI MO3ra. YMeHblieHue [[A B HUTpPO-CTpUATHOU CHUCTEME, B
4acTHOCTU Tmpu Oone3nu [lapkuHCOHa, COMPOBOXKIAETCS HApYIICHUEM CHaA, a
MOTOPHBIE CUMNTOMBI MosABIsitOTCs nipu rubdenu 70-80% JIA HeiipoHoB substantia
nigra (SN). Ha kpeicax BucTtap ¢ momoibto BBefeHUs JakTanucTuHa B SN Oblia
pa3pabotana skcnepumeHTanbHass monenb ([lactyxoB u ap., 2010), B xoTopoi
MOKAa3aHO  yMEHBIIEHWE  YWcla  HEUPOHOB,  MMMYHOIIO3UTUBHBIX K
tuposunrusipokcunaze (TI' - depmenty cunresa [{A) B kommnakTHOM yactu SN.
N3Bectno, uto CART-mentua (cocaine-amphetamin regulated transcript)
sKcrpeccupyercss B HelpoHax nucleus accumbens (nAcc), OTPOCTKH KOTOPBIX
noctynator k JA weliponam SN wu ventral tegmental area (VTA). B
JKCHEpUMEHTax in vitro mnoka3aHo aktuBupytomiee BiausHue CART na JIA
Heliponsl (Pomanosa u ap., 2008, 2009). [lenbio HACTOAIIETO UCCIEAOBAHUS OBLIO
onpeaenuTb, u3meHsaercs Jim ypoBeHb CART B cTpuaTo-HUTpanbHBIX MPOSKIUAX B
AKCHEPUMEHTAX C pa3HbIMU JI03aMHU JIAKTAllUCTUHA. bBbUIM  KMCIOJIb30BaHbI
uMMyHorucroxumudeckue wmeroasl ([JJAb- u  OUMOTHH-CTpEenTOBUIMHOBAS
METOJMKa, BECTEPH-OJIOTTUHT, JIBOMHOE (PIYyOpPECIEHTHOE MEYEHHUE), CBETOBas U
KOH(OKagbHass MHUKpOCKONUs. VMMYyHOPEaKTUBHOCTh OMNPEACNSUIA C MOMOIIbIO
KOJIMYECTBEHHOro aHanu3a u ontudeckod miotHoctu (OII). KonnuecTBeHHbIN
aHaJIu3 Mmokasal, 4yTo Ha ¢poHe yMeHblneHus: ynucna J{A neliponoB B SN Ha 30-35%,
KOrJla HE BBISBICHO yMeHblieHHe T1' B mop3anbHOM cTpuaryme, ypoBeHb CART
IIOCTOBEPHO Bo3pacTtaeT Ha 53% B nAcc u Ha 61% B OTpOCTKax B CPETHEM MO3TE.
Ha d¢one rubenmu Oonpmoro uucina JIA HeiipoHoB B SN M 3HAUYUTEILHOM
ymenbmieanu TIT B pops3anpHOM cTpuaryme ypoBeHb CART nmocroBepHO
Bo3pactaeTr Ha 96% B nAcc u Ha 100% B cpenmnem mosre. [Ipu 3TOM BBISBICHO
yBenmueHue TI' B Heniponax VTA. llonyueHHblEe JaHHBIE CBUAECTEIBCTBYIOT B
NnoJib3y  MpeanoynioxkeHuss o0  aktuBupywomem  BiussHud  CART  nHa
(GYHKIMOHAIBHYIO aKTUBHOCTH ocTtaBmuxcs A neiiponoB SN u VTA u ero
y4aCTHM B KOMIICHCATOPHBIX MEXaHHW3Max wmo3ra npu Hepoctatke J[A. Ml
nojiaraéM, 4YTO TMPU Pa3pylICHUH HUTPO-CTPUATHON CHUCTEMBbI MPOUCXOAUT
aKTUBAllUS ME30KOPTUKaIBbHOU J[A CHCTEMBbI, YTO MOXKET MOBIUITH HA U3MEHEHHE
IIUKJIa 00APCTBOBAHUE-COH.

86


mailto:romanova.irina@gmail.com

ON THE GENERALIZABILITY OF THE EFFECT OF SLEEP ON
MEMORY CONSOLIDATION

Pawlizki A., Graetsch M., Gais S.

Department of General and Experimental Psychology,
Ludwig Maximilian University of Munich

Munich, Germany

e-mail: pawlizki@psy.lmu.de

There is a vast amount of literature on sleep and memory consolidation.
Declarative sleep effects are found in different experimental designs using
different learning material, time windows, ultra short sleep durations, several
modes of encoding, recall types, as well as in special cohorts as in good learners or
participants with prior experience in the task. One might come to the conclusion
that the sleep effect for declarative memory is strong and reliable.

Nevertheless since most of these studies use the classical Jenkins and
Dallenbach design of a night sleep group/condition and day wake group/condition,
sleep effects could also be entangled with circadian effects. Some studies state that
memory performance is correlated with the time of the day, with long term
memory performance being better in the morning hours.

Furthermore, other common sleep designs as split night procedures or
selective sleep deprivation are confounded with stress and can therefore also not be
recommended.

To investigate pure sleep effects, one might consider using other study
designs. One gold standard could be a sleep deprivation study design containing
two recovery nights, to prevent REM rebound and fatigue. Alternatively, but
another time frame are nap study designs.

To conclude, when sleep and memory are investigated in a proper study
design, the effect size is rather small in most cases. Therefore larger sample sizes
are required.

In this study, we provide a standard research design for sleep research based
on a robust declarative memory battery, the “Lern - und Gedéchtnistest” (LGT-3).
The LGT-3 is a speed test used in German performance diagnostics, consisting of
several verbal and non-verbal subtests. The LGT-3 can be strongly recommended
for sleep and memory research, since the declarative sleep effect of the total score
of the LGT-3 was found in a nap study design in two independent study cohorts.
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The condition of mental fatigue develops after continuous work with a
computer. It is characterized by reduced performance and heightened risk of
making a mistake. Thus emerged tasks of monitoring the operator’s condition to
recognize mental fatigue development and of recovery of impaired performance.
Our study is meant to develop a contactless method to diagnose operator’s fatigue
by visual-motor coordination and analyze the performance recovery after a
daytime nap.

In our experiment subjects continuously performed a psychophysiological
test causing moderate mental fatigue. For an hour they were solving sums
appearing on the screen and choosing one of two offered answers by clicking on it.
Eye gaze movement was recorded by videotracking system (Eyegaze Development
System, LC Technologies, USA). Additionally mouse movements were recorded.
This design allowed to analyze visual-motor coordination parameters and their
impairment in the state of mental fatigue.

After the performance of the test subjects rested for one hour during which
they were awake (control experiment) or had a nap (main experiment). After an
hour of rest, the efficacy of recuperation was compared in the same test. The
design of experiment allowed us to analyze the changes of task performance
strategy in case of mental fatigue or after a nap by visual-motor coordination
parameters. Acquired results show the possibility to choose an optimal length of a
recovery nap and to develop a contactless method of mental fatigue diagnosis.

Support: Russian Humanitarian Science Foundation Ne 11-36-00242a1 and RAS Presidium Fund
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MOTOPHOHU KOOPANHALMU ITOCJIE JHEBHOI'O CHA

Ilyukoea A.H., Tkauenko O.H., *Koponéea H.B., /lopoxoe B.b.
*UpKymcKuil 2ocyoapcmeennulii ynugepcumem, Hpkymck

Huncmumym Bovicweit Hepenoit /leamenvnocmu u Heiipogpusuonocuu PAH
Mockea, Poccus

e-mail: puchkovaan@gmail.com

[Ipu nnuTensHOM paboTe 3a KOMIBIOTEPOM PAa3BUBACTCS COCTOSIHUE
YMCTBEHHOTO YTOMJICHHUSI. Ono XapaKTepU3yeTcs CHUKEHHOU
paboTOCTIOCOOHOCTHIO U MOBBIIIEHHBIM PUCKOM COBEpIlIeHUs on00K. Bo3Hukaet
3a/laya MOHHMTOPUHIA COCTOSIHHS OIleparopa C IEIbI0 JUAarHOCTUKU PA3BUTHUS
YMCTBEHHOTO  YTOMJIGHMSI, @  TakKKe  BOCCTAHOBJEHUS  HapyUIEHHOU
pabotocnocoOHocTH. Hame wuccnenoBaHwe  HampaBiI€HO Ha  pa3paboTKy
OECKOHTAKTHOTO METOJla JUAarHOCTUKH COCTOSIHUS YTOMJIEHHUS oOIleparopa IIo
MOKA3aTesIM 3PUTEIIbHO-MOTOPHOM KOOpAMHALMK U aHalnu3y 3((PEeKTUBHOCTU
BOCCTAHOBJICHHS €T0 JIESITEIbHOCTH MOCIe KPATKOBPEMEHHOTO THEBHOTO CHA.

B Hammx 9SKCrepUMEHTaX UCIHBITYEMbIE HENPEPHIBHO  BBITIOIHSIIN
MCUX0(U3UOJIOTUYECKUI TECT, BBI3BIBAIOIINN CPEIHUN YPOBEHb YMCTBEHHOTO
yTomyieHUs. B TedeHue OJHOTrO yaca OHM pelianud apumeThyeckue 3aaauu,
MOSIBIIAIONIMXCS Ha JKpaHE KOMIIbIOTepa, TpeOyrolue MpaBUILHOTO BbIOOpa
OTBETa U3 JIBYX IPEMJIOKEHHBIX, MYTEM IIeYKa MBIIIBIO MO OTBETY. J[BUKeHME
B30pa UCIBITYEMOTO PETUCTPUPOBAIOCH C TMOMOIIBIO CHUCTEMbl BHUACOTPEKUHTA
(Eyegaze Development System, LC Technologies, USA), napamienpHo miia
3aluCh JBMKEHUM Kypcopa MbIM. Takas cxeMa MO03BOJIsJIa aHalu3UpOBaTh
JUHAMHUKY UW3MEHEHHUsI TOKa3aTeled  3pUTEIbHO-MOTOPHOM  KOOpAMHAIUH,
BBI3BIBAEMBIX YMCTBEHHBIM YTOMJICHUEM.

[locne BBIMOMHEHUS] CEPUM, BbHI3BIBAIOIIEH YMCTBEHHOE YTOMIICHUE,
UCIIBITYEMBIN OT/IbIXaJl B TEUEHHUE OJIHOTO Yaca MEePephbiB, B TEUCHHE KOTOPOr0 OH
00JIpCTBOBAJ, UM UMEJN BO3MOXKHOCTh YCHYTh. Uepe3 1 yac ornbixa (KOpOTKHUI
COH WM CIOKOWHOe OO0ApCTBOBaHUE), CcpaBHHUBaNach APHEKTUBHOCTH
BOCCTAHOBJICHHE PAOOTOCIMOCOOHOCTH MO MOKAa3aTesiM 3TOro ke Tecta. [uzaitn
AKCHEPUMEHTA MO3BOJISIT KOJIMYECTBEHHO aHAIM3UPOBATh U3MEHEHUE CTpPAaTEruu
peuieHus 3aJaud NpU  Pa3BUTUU YTOMIIGHUSI M T1IOCI€ JHEBHOIO CHa II0
MOKa3aTesIM 3PUTEIIbHO-MOTOPHON koopauHanuu. IlomydeHHblEe pe3yabTaThl
MOKA3bIBAIOT BO3MOXKHOCTh CO3/IaHUSI OECKOHTAKTHOI'O METO/a JIMarHOCTUKHU
YMCTBEHHOTO  YTOMJIEHHMS M BbIOOpa  ONTUMAJIbHOM  JIMTEIBHOCTHU
BOCCTAHOBUTEIILHOTO CHA.

PaGora yacTuuHo BbhInoHeHa npu noaaep:xkke PTH® (mpoext Ne 11-36-00242a1), u donna Ipesnauyma
PAH ("®yHanameHTATbHbIE HAYKH - MeAUIuHE'")
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DISORDERS OF SLEEP-WAKE RHYTHM AS A MODEL OF
DESYNCHRONOSIS

Pudikov LV.

Samara State Medical University
Samara, Russia
e-mail:pudys@yandex.ru

Since the early 80's, the interest of researchers to seasonal variants of
affective disorders has increased dramatically (T.A.Wehr, 1982) that led to the
release of a special subtype of depression called “seasonal affective disorder”
(SAD). SAD criteria were first included under the heading of affective disorders in
the DSM-III-R (1987). The most common form of SAD is seasonal depression
(SD). The clinical variants of SD are a particular manifestation of the system
desynchronosis which basis on genetical instability due to sensitivity to
photoperiod. The generality of the etiopathogenetic mechanisms of different
options of the system desynchronosis detected in the analysis of the psychosomatic
condition of SAD patients, the perpetrators of transmeridian fast moving,
explorers, astronauts, people who work night shifts and in conditions of the
prolonged lack of natural light. The common pathogenic factor for all these groups
is the failure of the "biological clock", the violation of an individual system
configuration synchronization of biorhythms to an external source of rhythm - the
daylight duration. Such a model clearly explains well.

The most important evidence of the biological rhythm disorders in SD the
sleep-wake rhythm violations, manifested as a distortion of the circus- and
ultradian component. If it is easy to circadian disorders clinically to detect in
patient complaints of insomnia, impaired sleep, early awakening, and others, the
violation of the ultradian component clinically presented very limited, it's
diagnosis is based mainly on hardware techniques, the most informative of which
is polysomnography. It was organized by the ultradian components of the specific
architecture of sleep a night, a distortion which is a characteristic feature of SAD,
SD and subclinical forms desynchronosis. Another important aspect the
pathogenesis of SD understanding is the most therapeutic efficacy
chronobiological strategies phototherapy (light therapy), this pathology. Most
effective is the techniques using due to chronobiological approach (for example,
the daily shift of morning and evening sessions, phototherapy, respectively, at
earlier and later time, imitating the natural photo mode median strip in May-June).
Improving the well-being of patients, normalization of PSG -indicators in light
therapy are more likely to be regarded as the result of phototherapy on the
biological mechanisms of the coordination of rhythm.

Support: Russian Humanitarian Science Foundation Ne 11-06-00880a
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HAPYHIEHUSA PUTMA COH-BOJAPCTBOBAHUME KAK MOJEJIb
JAECUHXPOHO3A

Ilyoukoe U.B.

I'0Y BIIO Camapckuii 2ocyoapcmeeHHblil MeOUYUHCKUIL YHUGEPCUmem
Camapa, Poccusn

e-mail: pudys@yandex.ru

C nayana 80-Xx TOMOB PE3KO BO3POC MHTEPEC MCCIIEHOBATENE K CE30HHO3ABUCHMBIM
BapraHTaM adhekTuBHBIX paccTpoiictB (Wehr, 1982), 4to mpuBeio K BBIACICHHIO 0COO0TO
TIOJTTHIIA JISTIPECCHUBHOIO PaCCTPOICTBA O/ HA3BAHUEM «CE30HHOE ap(heKTUBHOE pacCTpOCTBO
(CAP). Kpurepu CAP BriepBbie ObUTM BKITIOUEHBI B PYOpHKY a((EeKTUBHBIX pacCTpOKCTB B
DSM-III-R (1987). HarGonee pacnpoctpanenHoit (opmoit CAP sSBIsSIOTCS C€30HHO3aBUCHMBIE
nenpeccun C/1. Kmnandeckuie BapranTsl CJ1 SBISIFOTCS YaCTHBIMM TPOSIBIICHUSIMA CICTEMHOTO
JICCMHXPOHO32 B OCHOBE KOTOPOIO — TEHETHYECKH OOYCJIOBIICHHAS YYBCTBUTEIBHOCTH K
HecTaOwibHOMY  (hotorepuony. OOIIHOCTh 3THUOTATOICHETUYECKMX MEXAHM3MOB  Pa3TMUHbIX
BAPUAHTOB CUCTEMHOIO JICMHXPOHO3a BBIIRIBSIETCS TPU  AHATM3E IICUXOCOMATUYECKOTO
coctosHus TareHtoB ¢ CAP, i, coBepraronmx ObICTpbIE  TpaHCMEPUIMAHATHHBIC
TIepeMEITICHIS, TIOTIPHHUKOB, KOCMOHABTOB, JTFOZICH, PAOOTAFOIIMX B HOUHYIO CMEHY U B YCIIOBHSIX
JUTATEITBHOTO OTCYTCTBUS €CTECTBEHHOTO ocBeltieHHs. OOIIMM MaTOreHHbIM (PaKTopoM JjIst BCeX
TMIEPEUMCIICHHBIX TPYIIIT SIBIIIETCS: COOM B paboTe «OHOJIOMMYEeCKHX YacoBY, HAPYIIICHUE HACTPOMKU
MHIMBUIYaTbHOM CHCTEMbI CHHXPOHM3AIMA OHMOPUTMOB HA BHEIIHWM HCTOYHMK pUTMA —
TIPOJIOJDKUTEIILHOCTG  ¢BeTOBOro AHs. [lomoOHas Mofenh XOpoIio OOBSCHSET YBEIMUCHHES
CE30HHO3ABUCMMOM a(h(PeKTHBHOM MaTONIOMMKM B HAMpaBICHUM OT 3KBAaTopa K TOMIOCY U
COOCTBEHHO SIBIICHHE «CE30HHOCTID.

BaxuelimM  CBUIETENRCTBOM — paccTpoiicTBa  Ovionorvdeckoid putvukd  mipu C/J
SIBISIFOTCSL HAPYIIICHHST pUTMa COH-OO/IPCTBOBAHNE, MPOSIBISIFOILIMECS MCKKEHUEM KaK 1HpPKa-,
TAK W YJIBTPAIMAHHOW COCTaBISFOLICH. Eciv 1ppKanaHHble HApyIIeHUs] KIMHUYECKH JIETKO
BBIIBSIFOTCS. B JKajloOaX TMAIeHTOB HAa OCCCOHHMITY, HApYILICHWE 3achIaHMs, PaHHUC
MPOOY>KJICHHS U JIP., TO HAPYIIICHUS YIIbPaMaHHON COCTARIISFOIIICH KIMHAYECKH TPE/ICTABIICHBI
BECbMa OIPaHUYEHHO, MX JTMArHOCTUKA OMUPASTCsL, MPEUMYIIIECTBEHHO Ha alMapaTHbIe METOMpI,
HanOoree MH(OPMATUBHBIM M3 KOTOpBIX sBysieTcs normcomHorpadus (B.b.Jlopoxo, 2001).
NmeHHO yibTpaMaHHbie COCTARIEIIOIINE OPraHU3yIOT CHICLIM(DIUYECKYIO apXUTEKTypy HOYHOIO
CHA, MCK&KEHHE KOTOpOH siBiisieTcst XapakrepHbiM rprsHakoM CAP, CJI v cyOKIMHAYECKUX
(dopm necuHxpoHo3a. Eirie omHMM BaXHBIM I TIOHMMaHMs dtroratorede3a CJ1 acriektom
SBISIETCSL  OoMbliiast  TepareBTiyeckas (PGEKTBHOCTh  XPOHOOMOJIOTMYECKOM — CTpaTeruv
(otoreparmu (cBeToNeYeH s1) TaHHOM matorioruy. Hanbornbineit 3(dheKTMBHOCTBIO 00IafatoT
METOJIMKH, UCTIONB3YIOIIME XPOHOOUOIOTMYECKHIIA TIOIXO/ (HAIpUMED, SKEIHEBHOE CMEITICHHE
YIPEHHETO M BEYEPHETO CEAHCOB CBETOJICUEHMSI COOTBETCTBEHHO Ha Oosiee paHHee W Ooriee
TO3/IHEE BpeMsl, UMUTHPYIOLIEE ECTECTBEHHbIA (POTOPSKHMM CpEIHEH MOJIOChl B Mae-HIOHE).
VYinyditieHre camodyBCTBUA NareHToB, HopMarmzaryro [ ICT -rokazareseit mpy CBETOICUEHHH C
OOJBIION JOJIel BEPOSITHOCTH MOKHO PAacCMATpPHBAThL Kak pe3yJbTaT BO3IEHCTBUS (poTOTepanvu
Ha MEXaHW3MbI COTIIACOBAHMSI OMOJIOMMYECKON PUTMUKH.

Pa6ora nognep:xkana rpanrom PTH® Ne 11-06-00880a
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EFFECTS OF COMBINED ULTRAVIOLET AND OPTICAL LIGHT ON
THE SLEEP-WAKE CYCLE IN PATIENTS WITH SEASONAL
DEPRESSIONS

Pudikov L.V.,*Dorokhov V.B.

Samara State Medical University, Samara, Russia

*Institute of Higher Nervous Activity and Neurophysiology of RAS
Moscow, Russia

e-mail: pudys@yandex.ru

The comparative analysis of the physiological and pathophysiological
processes reveals some peculiarities of the mechanisms of the biological
phenomena, including the functions of the organization of the sleep-wake
system.The study of the functioning and regulation of the sleep-wake cycle is
determined by such issues of clinical practice as the diagnosis and evaluation o the
effectiveness of the therapy of the depressions, the seasonal depressions (SD) in
particular.

The aim of the study was to investigate the influence of artificial light on the
circadian rhythms of SD patients .The clinical and neurophysiological effects of
the combined ultraviolet and optical spectrum of light on sleep-phase system
including relations between sleep, wake, slow wave and paradoxical sleep (REM u
NREM) were evaluated. There was used a method previously described in details
within the patent for the invention Ne 2295989 RU. The subjects were 24 patients
with episodes of SD treated with phototherapy. Light impact duration was from 40
to 60 minutes. Light therapy was performed twice a day in the morning and
evening hours. After session reports of patients have been recorded, and objective
manifestations of psycho-emotional status have been determined. Computer
polysomnography were carried out amongst 6 patients before therapy and during
the therapeutic process. According to computer polysomnography, the day latency
period of phototherapy stage 1 NREM (while falling asleep) ranged from 7 to 21
minutes at 9-14th day in all six patients that is regarded as a reduction of the
parameter as compared to the same before therapy. The latency period of the first
episode of the ocular movements (REM) exceed 30 minutes, was revealed in 3 of
the patients.

Thus, the therapy with combined ultraviolet and optical light during 18-21
days affected the period of sleep-wake cycle and the phase relations in patients
with seasonal depressions. The changes in the length of time of wakefulness and
sleep within the period of sleep-wake cycle, intrasomnic phase relations in NREM
and REM were occurred. Important dynamic effects of the combined light were
observed, particularly, periods of lighting shifted the sleep phase up to earlier
hours, reduced sleep latency time and increased REM latency.

Support: Russian Humanitarian Science Foundation Ne 11-06-00880a
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BJIAIUAHUE COYETAHHOI'O YJIBTPA®UOJIETOBOI'O 1
OIITUYECKOI'O OCBEIIEHUA HA COCTOSHUE NUKJIA COH-
BOAPCTBOBAHUE NAIMEHTOB C CE3OHHBIMMU JEINNPECCUAMHN

Ilyoukoe U.B., */[opoxoé B.b.

I'0Y BIIO Camapckuii 2ocyoapcmeeHHblil MeOUYUHCKUIL yHUBEPCUm e,
*Uncmumym Buvicweit Hepenoii /leamenvnocmu u Heipoguzuonozuu PAH
Mockea, Poccus

e-mail: pudys@yandex.ru

CpaBHUTEIIBHBIA aHATM3 OMHUX U TeX K€ (PUBMOTIOrMYecKHX MpOIECCOB B HOPME U
TIATOJIOTVM PACKPBIBACT, TIOYAC, MHTUMHBIE MEXaH3MbI OHonorieckux siieHni. [logo6Hoe
TIOJIOXKEHUE B TIOJIHOM Mepe MpUMEHMMO K (DYHKIIMM OpraHu3ald CHa W OOIPCTBOBAHVISL
3HAUMMOCTh M3Y4YEHHSl PErYJBSILMHU 1MKIA COH-O0IPCTBOBAHUE OMPEEIIETCS U MPUKITATHBIMA
3a/1a9aMl  METULIMHCKOM TPaKTUKK — JIMarHOCTHKOM M OIEHKOM 3(h(EKTUBHOCTH TEpariu
JISTIPECCHBHBIX COCTOSIHUM, B YACTHOCTH Ce30HHBIX Jieripeccuit (C1I).

C 1enbio M3yYeHusl BIMSIHYSL ICKYCCTBEHHOTO OCBEILICHUS HA IIUPKATMAHHYIO PUTMUKY
narmeHtoB ¢ CJ ouenvBam wmHudeckvie u Heripodusuonormdeckue (IICI) addexts
BO3/ICHCTBHISI COYETAHHOTO OCBEILICHUS BUIMMOM M YIBTPa(HONIETOBOM YacTH CIIEKTpa Ha
(hazoBbIE COOTHOINIEHUSI CHA, OOIPCTBOBAHMSL, MEIJICHHOBOIHOBOIO M MApaJIOKCATHHOIO CHA
(REM 1 NREM). Hcrionb30Bany METOIUKY, paHee MOAPOOHO MATIOKEHHYIO B ONMCAHUM [TATEHTA
Ha m3o0pererre Ne 2295989 «Crioco0 perymsimn (PU3MYecKoro M ICHXO-SMOIMOHATBHOTO
cTaryca JIMI, HaXOSIIMXCS B COCTOSHUAM JACCHHXPOH03a». OOBEKTOM HCCIICIOBAHMS CTamu 24
narenTa ¢ armonamu CJ1, ipoxomBIive Kype gotoreparin. BozaeicTsue, IMTeIbHOCTHIO OT
40 no 60 MUHYT OCYIIECTRIISUIN JIBA pa3a B CYTKU — B YIPEHHUE U BeuepHHe Yackl. | locre ceanca
(bMKCHPOBATM OTYETHI TALIMEHTOB, 1 00BEKTUBHBIE TIPOSIBIICHHS TICXO-3MOLMOHATIHHOIO CTaTyca.
VY 6-X J11 IPOBOIMIIN KOMITBEOTEPHYFO TIOJIMCOMHOIPA(HEO 710 ¥ B XOJIE JIeYeOHOr0 BO3ICHCTBYSL.

[o TaHHBIM KOMITHFOTEPHOM MOIMCOMHOTpahK y BCEX IIECTEPHIX 0OCIIEIOBAHHBIX JIHI]
Ha 9-14 cytxu Qotoreparmn narteHTHOe Bpemst 1 cragmu NREM (Bpemst 3achInaHyist) COCTaBIIIO
oT 7 1o 21 MUHYT, YTO PacUCHMBACTCS KaK YMEHBILICHHE B CPABHEHMH C TOKA3aTeIsIMU 10
Teparmi. Y TpeX YeloBeK 3a(PMKCHpPOBAHO JIATEHTHOE BpEMsl TMEPBOTO SMM30/1a JIBYKEHUIA
ria3HbIX s10710K (REM) Gornee 30 MuHYT.

Takum 00pa3oM, BO3IEHCTBUE COYETAHHBIM  YIBTPA(HONIETOBBIM U ONTHYECKUM
M3ITydeHreM B TedeHre 18-21 CcyTok BsieT y NMAalMEHTOB ¢ CE30HHO3aBUCUMBIMU JACTPECCHSIMU
KaK Ha TMeproj] KA COH-O0/IPCTBOBAHME, TaK M Ha (pa3oBble COOTHOILICHUS. BHYTpH niepriona
MPOUCXO/IUT M3MEHEHHE OTHOIICHUSI TPOIOJDKUTEIFHOCTH BPEMEHH OOJIPCTBOBAHMSI U CHA,
BMEHSIOTCSE MHTpacoMHuueckre (asopble cootHoieHnst NREM u REM. CyiectBeHHbI
JHaMdeckre  3(PQeKTbl KOMOWHMPOBAHHOTO CBETA — TMEPUOIbI OCBEIICHHS OTYETIIHBO
capuratoT a3y cHa Ha Ooriee paHHHE Yachl, YMEHBILIAIOT JIATEHTHOE BPEMSI CHA, YBEJIMUMBAIOT
nareHiyo REM.

PaGora nogep:xkana rpantom PITH® 11-06-00880a
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MOTIVATION TO SLEEP AND NAP QUALITY IN GOOD SLEEPERS

"Rasskazova E., ’Rusakova L, ’Dorokhov V.

"Moscow State University,

’Moscow City Hospital Nol2

I Institute of Higher Nervous Activity and Neurophysiology
Moscow, Russia

e-mail: |_rasskazova@yahoo.com, ilrusakova@gmail.com

Recently, there is growing number of models and researches in somnology
taking into account psychological factors of sleep and sleep disturbances (Morin,
1993, Bastien et al, 2001, Harvey & Espie, 2004) - in particular, excessive attempts
to fall asleep (Principles and Practice in Sleep Medicine, 2005). The aim of this
work is to study the effect of motivation to sleep on the characteristics of nap in
good sleepers.

Materials and methods. 33 good sleepers (22 females, 11 males, mean age
24.1 + 8.4 years) who visited laboratory twice in the weekend, were randomly
assigned to a sequence of instructions: either "free (‘lay down as if you are going
to rest in the daytime’) - motivating (‘it’s very important to you to fall asleep as
soon as possible, and if you succeed, you will receive an additional financial
remuneration’)" (N=17) or vice versa, "motivating — free” (N=16). Then during an
hour while the subject was laying in a dark room, his polysomnogram was
recorded by 54-channel polygraph (32 channels of the EEG).
The results were processed using analysis of variance with repeated measures.
Results. Regardless of the order of instructions, in motivational condition there
were increases in the latent period of the delta-sleep (F=4.4, p<0.05), duration of
wakefulness during sleep (F=6.5, p<0.05), the number of episodes of prolonged
awakenings (F=4.6, p<0.05), and - as a tendency - the number of awakenings, and
their maximal duration (F=3.5, p<0.1 and F=4.0, p<0.06). The latency period of
sleep depended largely on the order of instructions, but the interaction was
observed (tendency F=3.2, p<0.1): the subjects fell asleep longer in motivation
condition, but only in the "motivational-free" instructions' sequence.
Conclusions. Regardless of the order of instructions, motivation “to sleep as fast
as possible” affects nap quality: it becomes more superficial and fragmented. It can
be assumed that the instruction affects the latent period of sleep, but it is
influenced by other factors as well (order of instructions), that requires further
research. Thus, we have received confirmation of the negative impact of excessive
attempts to fall asleep to nap quality in good sleepers, that allow indirectly to
confirm the hypothesis about the same mechanism of insomnia pathogenesis.

Support: grant RFH project 11-36-00242a
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BJIUAHUE MOTUBALIMU 3ACHYTb HA ITAPAMETPbBI [HEBHOI'O
CHA

"paccrazosa E.NU., ZPycakoea HM., 3ﬂ0poxoe B.b.

"Mockoeckuii 2ocyoapcmeennwtil ynugepcumem umenu M.B.Jlomonocosa,
’I'Y «I'KB Ne 12» Henapmamenma 30pasooxpanenus 2. Mockewt

Ty upescoenue Poccuiickoni akademuu nayk Hucmumym evicuieil HepeHOl
deamenvnocmu u nHeupogusuonrocuu PAH

Mockea, Poccus

e-mail: |_rasskazova@yahoo.com, ilrusakova@gmail.com

B nocnieniHee Bpemst Bee OoriblIiee paciipOCTpaHEHHE B COMHOJIOTU TIOY4Ar0T MOZIENH CHA U
WHCOMHWH, YYUTHIBAFOIIHE TICHXOJorMyeckre (paktopel HapymieHus cHa (Morin, 1993, Bastien et al,
2001, Harvey & Espie, 2004) - B "acTHOCTH, Ype3MepHBIC TOMBITKH 3acHyTh (Principles..., 2005).
[espro manHOM paboTHI SIBIBSIETCS MCCIIEIOBAHNE BIFSIHYSI MOTHIBAITMN Ha OCOOCHHOCTH JTHEBHOTO CHA
XOPOLIO CIISIIMX UCTIHITYEMBIX.

Marepuarn 1 Merosipl. 33 XOpOILO CISIMX HCTIBITYEMBIX (22 KeHIMHBL, 11 My)KuvH, cpeHuiz
Bo3pact 24,1+8,4 Toma), COH KKIOro U3 HAX PErUCTPUPOBATICS B CEPEIIMHE BBIXOHOTO THS (2 paza ¢
uHTepBaIoM B 1-2 Henerm). B crtydaiiHoM nopsiake UM NpeabsBIBUIach OHA U3 AByX UHCTPYKIMIA: 17
WCTIBITYEMBIX TIONy9aIi HHCTPYKIMH B TIOpSIKE “‘cBOOOTHAS ("'TIONEKHTE TaK, Kak Oy/Iro Mprieryi
JTHEM OTIOXHYTH'") - MOTUBUPYEOITIas ("'04eHb BaYKHO, YTOOBI BbI 3aCHYIH Kak MOYKHO OBICTpEe; eCi
Bawm 10 yractesi, Bel nonydrre nononmxutenibHoe puHaHcoBoe BozHarpakrieHue”)!, 16 UcTibIryeMbIx
- B TIOpsZIKE ""MOTHBHPYIOITIAS - CBOOOIHAA". 3aTeM B TEUCHHE Yaca y HCTIHITYEMOIO, JISKAITIETO B
TEMHOM KOMHATE, PETVICTPUPOBATaCh MOJMCOMHOTpAMMA TP TIOMOIIM  KOMITBFOTEpHOTO  54-
KaHATBHBIA coMHOMormdeckoro mormrpada (32 xanama 93I), dupmbl “Sagura Medizintechnik
GmbH”. Pe3ynbraThl 00padaThBaHCH TPH TIOMOITM IBYX(hAKTOPHOTO JIFICTICPCHOHHOTO aHATH3a C
TIOBTOPHBIMU H3MEPEHUSIMIL.

Pesymbrarel. HezaBucnmo oT mopsika HpeabsBiIcHVs] WHCTPYKLWM, TIPH TPEIbSIBICHAN
MOTUBHPYIOIIEH MHCTPYKLMH Y UCTIHITYEMbIX BO3pacTaIv JIATeHTHBIN riepuon Jenbra-cHa (F=44,
p<0,05), mmrensHOCT, OOmpcTBOBaHMS 3a Bpems cHa (F=6,5, p<0,05), KommdecTBO SIMM30I0B
MTeNbHBIX  TIpoOykneHnin (F=4,6, p<0,05), a Taoke - Ha ypOBHE TCHICHIMU - KOJMYECTBO
MPOOYKICHW B TIJIOM W WX MakcuMaibHast ymterbHOCTh (F=3,5, p<0,1 u F=4,0,p<0,00).
JlateHTHBIIA TIepHOT 3aChINTAHKST 3aBHUCETT B OOJTBITICH CTETICHH OT TOPSIKA IMPEIBSIBIICHISI MIHCTPYKIIHH,
HO HaOJFOIATIOCh ¥ B3aUMOJICHCTRIE (Ha ypoBHE TeHeHIn F=3,2, p<(,1): ucrpITyeMbie A0NbITe
3aChIMAM TPU MOTUBHUPYIOIIEH HHCTPYKIMH, HO TOJBKO B TOM CIlydae, €ClIM HHCTPYKIUH
TPSTBSBIUTUCH B TIOPSIKE "MOTHBHPYIOLIAS-CBOOOTHAS .

BeBompl. HezaBrcnmo OT mopsika NpeIbsBICHNsT MHCTPYKIMM MOTVBALMS 3ACHYTH Kak
MOXHO OBICTpee YXY/IIIACT THEBHOW COH WCIIHITYEMbIX: OH CTAHOBHTCSI OOJiee TMOBEPXHOCTHBIX U
(bparMeHTHpOBaHHBIM. MOYKHO TIPE/IIONIOKHTh, YTO MHCTPYKIWS BIMSET U HA JIATCHTHBINA TIEPHOT
3aChIMAHKS, OJHAKO 3TO RIMAHME WCKOKAeTCs ApyruMu (haktopamu (TIOpSTIOK TPETIbSBICHUS
MHCTIpYKIMH) U TpeOyeT JaipHEMIMX wccsenoBanuil. TakuM 00pasoM, Mbl TOMyYIIIA
TIOJTBEPYK/ICHHE HETATHBHOTO BIMSHUS YPE3MEPHOTO CTPEMIICHHST 3aCHYTh HA COH XOPOILIO CITSIIIMX
UCTIBITYEMbIX, YTO TIO3BOJIIET KOCBEHHO TOMTBEPAMTH THIIOTE3y O CXOKEM MEXaHHM3Me
XPOHU(HKAITMI MHCOMHHH.

Hccnenosanue BpInosiHeHo npu noaaepskke rpanta PTH® npoexr 11-36-00242a
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CHANGES OF THE SLEEP-WAKING CYCLE UNDER THE
CONDITIONS OF CHRONIC STRESS (105 DAYS OF ISOLATION)

Russakova I.M., Kovrov G.V., Posokhov S.1., Gordeev S.A.
Sechenov First Moscow Medical State University

Moscow, Russia

e-mail: ilrusakova@gmail.com

Stress is one of the main causes of sleep disturbances. Chronic stress is the
most important factor of dysadaptation of the modern humans, but investigations
of sleep changes under those conditions are rare.

This experiment is a part of the project “Mars-105". Sleep of 6 healthy male
volunteers under conditions of 105 days of isolation was studied in the model of a
spaceship. We used questionnaires (sleep dairy once every 6 days) and standard
polysomnography before, under and after the isolation.

Sleep diary shows that “astronauts” went to bed later (in average 1.15 a.m.),
had prolonged subjective sleep latency (=20 min) and sometimes had long night
awakenings (>20 min). Changes of night sleep resulted in daytime sleepiness in
50% of cases, and they had naps 2-3 times a week.

Polysomnographic analysis conforms to the subjective data. The volunteers
had problems to fall asleep (sleep latency>20 minutes in 17% of all the
recordings), had long night awakenings (inside sleep>30 minutes in 21%) and had
both problems in 3.4%.

We analyzed the progress of insomnia-like (see above) changes in the course
of time. Amount of “pathologic” recordings increased significantly at the end of
the third month of the isolation in comparison to as the background recordings
(p<0.05, Fisher’s method), as the recording on the second week of isolation
(p<0.05). But the volunteers reported that the quality of sleep increased latterly.

We showed changes of the sleep-waking cycle under the conditions of
longtime 1isolation. It is interesting that sleep “disorders” progress during the
experiment. The main subject for further investigation is to clarify the sleep
changes’ dynamic. Will the “disorders” increase with longer isolation, or not? Our
research group is going to study sleep adaptation during the “Mars-520”
experiment involving 520 days of isolation.

Support: Russian Humanitarian Science Foundation (project Nos. 11-06-01052a)
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N3MEHEHUA HUKJIA « COH-BOJAPCTBOBAHHUE» B YCJIOBUAX
XPOHUYECKOI'O CTPECCA (105-CYTOYHASA U30JIAUSA)

Pycakosea U.M., Koepoeg I'.B., Ilocoxoe C.HU., I'opoees C.A.
Ilepewiit Mockoeckuii I'ocyoapcmeennulil

Meouuyunckuit Ynueepcumem um. U.M. Ceuenosa
Mockea, Poccus

e-mail: ilrusakova@gmail.com

OnHOW W3 OCHOBHBIX MPUYMH Pa3BUTHS HAPYIIECHUU CHA SIBIISIETCSA CTpeEcC.
XpOHUYECKUI CTpecC SIBISETCS BAXKHBIM J1€3aJJalTUPYIOMUM (DaKTOPOM B KU3HU
COBPEMEHHOI'0 YEJIOBEKa, OJIHAKO MCCIIEIOBAHUS €ro BIUSAHUI HA COH MPOBOJSATCS
HEYacTo.

OKCIIEpUMEHT TMpOBOAWIICA B paMkax mnpoekta «Mapc-105». beun
HCCIIEIOBAH COH y 6 3I0POBBIX MYXYHUH B YCIOBHAX 105-CyTOYHON W30JAIIMU B
MOJIEIM KOCMUYECKOT0 KOpabJis ¢ UCIOJIb30BAaHUEM AHKETHBIX METOJIOB (JHEBHUK
IMKJIa COH-OOJIpCTBOBaHUWE, 3amoiHseMblii | pa3 B 6 gHEH) W CcTaHIapTHOU
MoJIMCOMHOTpaduu 10-, B IEPUO U MOCII€ MPOBOJUMOMN HU30JISIIUH.

[lo nmanHBIM CYOBEKTHBHOM OLIEHKM CHA (JHEBHUK CHAa) BO BpeMs
AKCIEPUMEHTA «KOCMOHABTHI» IMO3JHO JIOXKWIKCH cnath (B cpenHeMm B 1 uvac 15
MUH), JiauTenbHO (Oonee 16 MUH) HE MOTJIM YCHYTh U HMHOTJa OTMEYaju
mutenbHbie (6osiee 20 MUH) HOuUHble TPOOYXkAeHUs. M3MeHEeHUs HOYHOTO CHa
MPUBOJWIN K JHEBHOW COHIUBOCTH Oojiee ueM B 50% ciiyyaeB U JHEBHOMY CHY 2-
3 pa3a B HEJEIO.

AHanu3 NOJHUCOMHOTpaUUECKUX MAHHBIX TMOJATBEPAUT BO3HUKHOBEHHUE
npoOJyieM ¢ 3achiaHueM (JaTeHuust ko cHy Oonee 20 muH) B 17% ot obuiero
KOJIMYECTBA TMOJYYECHHBIX 3alUCed, HOYHBIX MNPOOYXKICHUM (IIUTETbHOCTD
0onpcTBOBaHUS BHYTpHU cHA Oosiee 30 MuH) B 21% U HaMM4Yue NPECOMHUYECKUX U
MHTPACOMHUYECKUX HAPYIICHUH (JaTeHUHs KO cHy Oosee 20 MUH U JIUTEIBHOCTD
0onpcTBOBaHMs BHYTpHU cHa 6onee 30 muH) B 3%.

[Ipu ananuze pa3BUTUSI CXOAHBIX C MHCOMHHYECKUMH (OMUCAHHBIX BBIIIE)
M3MEHEHUM C TEUEHHEM BpPEMEHU ObUIO BBISBICHO CTATUCTUYECKH 3HAYUMOE
YBEIIMYEHUE  MOJIUCOMHOTpaUUECKHX  3almuceid € «IMaTOJOTHYECKUMM
MOKa3aTeasIMU B KOHIIE TPEThEr0 Mecsla HW30JSLMM, KaK MPU CPaBHEHUHU C
¢dbonoBbiMu 3anucsimu (p<0.05 no kpurepuro duinepa), Tak U C CEpPeAUHOMN
neporo wmecsamna wuzoisiuu  (p<0.05). OnHako CYOBEKTUBHO HCHBITYEMbIC
OTMEYaJIM YIy4IlIEHHE KauyeCTBa CHAa K KOHILYy SKCIIEPUMEHTA.

Hamu ObUTO MOKa3aHO BIMSIHUE JJUTENbHOW HM30JSUMM HA HOYHOM COH
YeJOBeKa W OMOCPEIOBAHHOE WIIM MPSMOE BIMSHUE HA MOKa3aTeIu KauecTBa
JTHEBHOTO 00pcTBOBaHMS. IHTEpEeCHBIM Mpe/ICTaBIsIeTCs (PAKT MPOrpeccupoBaHus
«HAPYLICHU» CHA B MNPOLECCE SKCIEpUMEHTA. B aHHOM cHUTyalMy BCTaeT BOIPOC:
OyJZIeT JI1 HApacTaTh TSHKECTh M3MEHEHU CHA Tpy OOJTbIIIEH TPOJOKUTEIBHOCTH CTpecca Wil
MPOMBOMNIET CTAOWTM3AIMS W JIKEe ajianraisl MK «COH-OonpcTBoBaHue». Harma rpyrma
TUIAHAPYET MPOJOIDKUATH HCCIIE0BAHKE B PAMKax dKCTriepuMenTa «Mapce-520p.

HccnenoBanue noaaep:xano rpantom PCH® Ne 11-06-01052a
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SLEEP AND VITAMIN-MINERAL SECURITY OF STUDENTS IN THE
COURSE OF TRAINING AND EXAMINATIONS

Shustanova T.A.

Southern Federal University, Pedagogical Institute
Rostov-on-Don, Russia

e-mail: t shustanova@mail.ru

Normal sleep and balanced diet play an all-important role for maintenance of
health, working capacity and active longevity of the person. However, the long and
continuous influence of psycho-emotional factors caused by intensive intellectual
loading and conditions of examination leads to infringement of the mode,
structure, quality of the sleep and the food of students.

We investigated the somnologic status and vitamin-mineral security of
students in the course of training and in winter examinations. It was the survey of
94 students of the faculty of linguistics and philology and faculty of natural
sciences at the age of 17-20. We used the questionnaires of the score estimation of
sleep subjective characteristics suggested by the Somnological Center of the
Ministry of Healthcare of the Russian Federation and the Institute of Food of the
Russian Academy of Medical Science.

We found out that due to the examination stress students’ sleep
characteristics become considerably worse, they suffer from insomnia, that is: 1.
The time of falling asleep decreases 24.3 %; 2. The duration of sleep is reduced
17.2 %; 3. The quantity of night awakenings changes 13.6 %; 4. The quality of
sleep decreases 21.6 %; 5. The quantity of night dreams decreases 22.9 %; 6. The
quality of morning awakening decreases 11.1 %. The given violations of the
students’ sleep correlate with the insufficient security of their organism vitamins,
macro- and microcells. The level of water-soluble vitamins of the groups B and C
is lowered 44.3 %, the maintenance of fat-soluble vitamins of the groups A, D, E is
lowered 29.2, 20.5 and 44.3 % accordingly; the concentration of macrocells Mg,
K" and Ca*" is reduced 38, 27.9 and 31.5 %; the level of microcell Fe*" is 34.5 %
lower the norm.

Thus, we find out changes the somnologic status, polyhypovitaminosis and
deficiency of mineral substances of students. The improvement of food quality can
restore the full-fledged sleep as the major mechanism of the adaptation of the
organism.
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COH U BUTAMUHHO-MHUHEPAJIbBHAS OBECIIEYEHHOCTDb
CTYJIEHTOB B ITPOLUECCE OBYUYEHUSA U B TIEPUO /]
3K3AMEHAIIMOHHOI CECCUH
Illycmanosa T.A.
Ileoazocuueckuiit uncmumym FOxcnozo
Deoepanvnozo Ynueepcumema (ITH FODY)
Pocmoeg-na-/[ony, Poccus
e-mail: t_shustanova@mail.ru

HopmarbHbIii COH 1 palMOHATIBHOE TIMTAHKE UIPAOT UCKITFOUUTETLHO BRKHYHO POITb IS
MOJUIEPXKaHKS 37I0POBbsI, PA0OTOCTIOCOOHOCTH U AKTWBHOTO JIONTOMNETUs 4esioBeka. OHaKo
JUIMTEIIbHOE M HENPEphIBHOE BO3ICHCTBIE TICMXO3MOLIMOHATBHBIX  (DAKTOPOB, BBI3BAHHOE
WHTEHCUBHOM YMCTBEHHOW HATPy3KOM M OOCTAHOBKOM SK3aMEHa, MPUBOIUT K HAPYILEHUIO
PEXIMA, CTPYKTYPbL, KAYeCTBA CHA U TIUTAHKSI CTY/ICHTOB.

Lenbto Hatmielt paboThl SBUIOCH: M3YyYEHHE COMHOJIOTMYECKOTO CTaryca W BUTAMUHHO-
MUHEPATHHOM 00ECIIEYEHHOCTH CTYZICHTOB B TIpoliecce OOyYeHWs] M B TEPUOJ 3UMHEHN
AK3aMEHAIIMOHHOM ~ cecchy; OOOCHOBaHHME HEOOXOMMMOCTH  TOCTOSIHHOTO — MOHWTOPHHIA,
CBOEBPEMEHHON TPO(PUIAKTHKA U KOPPEKIMM HApYIIEHHH CHA W JeuiiTa BUTAMHHOB U
MHHEPATHHBIX BEITIECTB.

Havm obcnenoBano 94 crynenta B Bozpacte 17-20 JieT, roHoIIeH 1 JIeBYIeK (aKysbTeTa
JIMHIBUCTUKY U CJOBeCHOCTH U (pakyrbrera ecrectBozHanus 1M FODY. s onpenenenus
COCTOSIHMSI CHA TIPOBE/ICHO AHKETUPOBAHKE CTYICHTOB C KCIIONBE30BAHMEM AHKETHI OaLTHHOM
OIICHKH CyOBEKTHBHBIX XapakTeprucTk cHa Comuomnormdeckoro Ilertpa Mumsnpasa PD; mis
ONpEJICNICHNsI CTeNeHU O0ECTICYEHHOCT OpraHM3Ma HCTIBITYEMbIX CTYJICHTOB BUTAMUHAMY,
MAaKpO- 1 MUKPO2JIEMEHTAMH - aHKETHpOoBaHue N0 TectaM Mucturyra [ nranns PAMH.

Hamvm yctaHoBnieHo, 9to BO BpeMsi 00ydeHHs, 0COOCHHO Ha (hOHE SK3aMEHAIMOHHOTO
CTpecca, y CTYZICHTOB 3HAYUTEIBHO YXY/IIAKOTCS XapaKTEPUCTUKK MX CHA, BOSHUKAECT MHCOMHHUSL:
1. Bpems 3achmanust ymeHblaercss Ha 24.3%; 2. IPONOIDKUTENIBHOCT CHA COKPAIIACTCS Ha
17.2%; 3. KOrmM4YecTBO HOYHBIX TPOOY KIICHHH M3MeHsieTcst Ha 13.6%; 4. KauecTBO CHa CHIDKACTCS
Ha 21.6%; 5. KOMMYeCTBO CHOBWICHWM YyMeHbIaercss Ha 22.9%; 6. kayecTBO YTPEHHETO
npoOyxieHns cHkaerca Ha 11.1%. JlaHHble HapyllieHHs CHA CTYJICHTOB KOPPEIMPYIOT C
HEZIOCTaTOYHOM OOECTICUEHHOCTBIO X OpraHM3Ma BUTAMHUHAMH, MaKpO- M MHUKPOJIEMEHTAMH.
YpoBeHp BOIOPACTBOPUMBIX BUTaMHMHOB Tpyrmbl B u C nonwken Ha 44.3%, conepranve
YKAPOPACTBOPUMBIX BUTAMHUHOB Ipymiibl A, D, E cHinkeno Ha 29.2, 20.5 1 44.3% COOTBETCTBEHHO;
KOHIICHTpars Makpoaremerto Mg®, K™ i Ca®” ymenbinera ma 38, 27.9 u 31.5%; ypoBeHb
MuKpoaremenTa Fe ** Torrnker Ha 34.5 % OTHOCHTRITHHO HOPMBL

Takum 0OpazoMm, OOHapy)KEHHbIE HAMHU W3MEHEHUSI COMHOJIOTHYECKOIO — CTaryca,
TOJITUTIOBUTAMUHO3 Y JIE(DUIIAT MUHEPATHHBIX BELIECTB Y CTY/ICHTOB BO BpeMsl OOYUEHIIS B BY3¢
(PK3aMEHAITMOHHOM cecchr) TpeOyroT pa3palOTKM KOMIUIEKCA TPOrpamM, HarpaBlieHHBIX Ha
KOPPEKIMIO U MPOPUITAKTUKY HCCIIEAyeMbIX COCTOSIHUM. Yepe3 MOBbIIIICHHE KAYecTBA MTUTAHMS
MOYKHO BOCCTAHOBHTB IMOJTHOLICHHBIN COH KaK BAKHEHIIINI MEXAHU3M JIAITTAI AN OPraHU3MA.
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SOME FEATURES OF AUTONOMIC REACTIVITY DURING
SPONTANEOUS AWAKENINGS FROM SLEEP STAGE 2

Surnenkova T.A., Levin I.1.
Sechenov First Moscow State Medical University
Moscow, Russia

In 55 humans (21 men, 24 women) aged 21-40 years (33.7£3.8 years) sleep
was studied using clinical and neurophysiological methods and questionnaires. Of
them, 20 were healthy subjects and 35 were subjects with psychophysiological
insomnia (PI). We evaluated the dynamics of EEG activity and heart rate
variability (HRV) before spontaneous awakening in the second stage of NREM
sleep.

Results. The dynamics of EEG and HRV before awakening from the second
stage of sleep changes in three ways. We identified type 1 wake up in the second
stage of sleep as characterized by the appearance of the bursts of high-slow waves
lasting 1-3 seconds in front of the alpha-rhythm. Occurring in the majority of cases
in healthy subjects, this type possibly reflects a "normal" operation of the
mechanisms of sleep and wakefulness. Awakening in this case might be related to
activation of the ascending reticular formation in response to the receipt a
significant afferent signal which is not suppressed by inhibitory sleep mechanisms
appeared as the EEG delta waves. A healthy body with sufficient supply of
functional capacity responds to "stress influence" (awakening) by a usual, normal,
so-called working tension of the regulating systems (low activation of the
sympathetic nervous system according to the analysis of the heart rate variability).

Type 2 wake-up from the second stage of sleep (the spontaneous appearance
of alpha activity with a slight increase or stability of a muscle tone) which is
characteristic for PI patients probably reflects an imbalance between activating and
inhibitory mechanisms. Increased cerebral activation in PI patients which is due to
the influence of "harmful" factors (stress) "blocks" the activity of somnogenic
systems. This type is reflected in EEG as spontaneous appearance of alpha rhythm
without preceding delta waves. In this case, the waking periods inside sleep may
reflect the inability of somnogenic systems to resist to the mentioned "harmful"
factors. During insomnia somnogenic mechanisms are disturbed as reflected in
significant activation of the waking systems during sleep. Awakening from the
second stage of sleep is accompanied by a severe tension of the regulatory systems.
This is expressed particularly in a high stability of the heart rhythm which is
typical for a higher tone of the sympathetic nervous system. The heart rhythm
control is centralized.

Type 3 awakening (awakening with the movement; significant increase in
EMG amplitude together with the artifacts) is seen in both healthy humans and PI
patients. Possibly, type 3 awakening is a particular case of the first two types with
a strong activation of the movements. In PI patients the appearance of type 3 is
higher than in healthy subjects probably due to the "alpha components™ of the ond

type.
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OCOBEHHOCTHU BETETATUBHOI PEAKTUBHOCTH B ITPOLIECCE
CIIOHTAHHOI'O MPOBYKJEHUS U3 BTOPOM CTAJIUU CHA

Cypuenkoea T.A., /leeun. A.U.
@ry BIIO Ilepgvtit MI'MY um. U.M. Ceuenosa
Mockea, Poccus

XapakTep CHa YeroBeKa HAXOMUTCS TIOJ BIHSHUEM (DH3UOTIOTMUECKHUX U TICMXOJIOTHYECKHX
OCOOCHHOCTEH 1, B TOM YFHICJIE, OMPEIEIIICTCS] COCTOSIHHAEM BETETATUBHOM HEPBHOM CHCTEMBL.

C moMOlpBI0 KIMHAYECKUX, AHKETHBIX W HEHpO(MBUONIOTMYECKUX METONOB  ObLIO
obcrenoBano 55 yernoBek (21 MykanHa 1 24 sxeHIHbI) B Bospacte ot 21 10 40 ner (33.7 & 3.8 er).
W3 Hux 20 370pOBBIX HCTILITYEMBIX M 35 UCIIBITYeMbIX C TICHXO-(DHM3UOIOTMUECKO MHCOMHHUEH
(ITdH). OnenrBanach muHaMuKa aktiBHocTA D0l 1 BapuadensHOCcTH cepredHoro puma (BCP)
Tiepe; CIIOHTAHHBIM IPOOY>KICHHIEM 13 BTOPOH CTa/IMH CHA.

Pesynerarst. pHamrika 31" u BCP nepen npoGyskieHreM 13 BTOpOi CTa/K CHA MEHSIETCS
Mo TpeM HanparieHusM. BpiBnenHsii Hamu [ Tvim mpoOykaeHust w3 BTOPOM CTauM CHA,
XapakTepBYIOIIMICS  TIOARIICHHEM Tiepel  alb(pa-pUTMOM  BCIIBIIIEK  BBICOKOAMIUTUTYTHBIX
MEICHHBIX KOJICOaHHMH IMTEIILHOCTRIO 1-3 CeK., BCTPEHYArOIMMIACS B OOJBIIMHCTBE CITy9acB Y
37I0POBBIX HCIIBITYEMBIX, BEPOSTHO, OTPKACT <«HOPMATHHYIO» pabOTy MEXaHM3MOB CHa U
GompcreoBanst. [IpoOy-krieHne B JAHHOM CITydae MOKET OBbITh CBSI3aHO C aKTWBAIMEN BOCXOZIAIIICH
PETUKYIISIpHOM (hopMalii B OTBET HA TIOCTYIUICHME 3HAUUTEIHHOIO adepeHTHOro CurHama, He
CAEPKUBAEMOT0 TOPMO3HBIMH MEXaHI3MaMU CHa, D3I — KOppesIsIToM KOTOPIX MOTYT ObITh JE/bTa-
BOJIHBL 3JI0pOBBIM OpraHm3M, o0yaast JOCTATOYHBIM 3ariacoM (DYHKIMOHATBHBIX BO3MOYKHOCTEH,
OTBEYACT Ha «CTPECCOPHOE BO3ACHCTBIES) (IPOOY>KIICHHE) OOBIMHBIM, HOPMATHHBIM, TaK Ha3bIBAEMBIM
pabourM  HAMPSHKEHUEM PETYJIITOPHBIX CUCTEM  (HE3HAUMTENbHAS AKTWBAIMS CHUMITATUYECKOM
HEPBHOM CUCTEMBI T10 JIAHHBIM aHATT3a BAPHAOEITBHOCTH CEPIICYHOTO PUTMA).

I i poOy»keHnst 13 BTOPOH CTaK CHA (CTIOHTAHHOE TOSIBIICHHE ab(ha-aKTMBHOCTH C
HEOOJBIIMM  YBETMUYEHUEM MBIIICYHOrO TOHYCA WIA C OTCYTCTBHEM YBEIMYCHHSI TOHYCA MBIIIILI),
xapakrepHplii 11 OonmbHBIX  [IDM, BeposITHO OTpakaeT HapylleHue OanmaHca MEXIy
AKTUBUPYIOIMMU Y TOPMO3HBIMU MexaHm3Mamu. [loBbllieHHas IiepeOpaibHast aKTUBAIMS Y
OONBbHBIX HMHCOMHHIEH, BOZHHMKAIOMIAS TIOJ BIMSHHUEM <«BPEIOHOCHBIX» (PakTopoB (CTpecca)
«Onokupyen» paboTy coMHOreHHbIX cricteM. Ha 931" maHHbIi THIT OTpakaeTcs B BUJIE CIIOHTAHHOTO
NOsIBTIEHNs. aTb(ha-prmva Oe3 MPEIIECTBYIONIMX JIENBTa-BOiH. B 1aHHOM cltydae OOpcTBOBaHKE
BHYTPY CHA MOMKET OTPKATh HECTIOCOOHOCTH COMHOTEHHBIX CHCTEM COMPOTUBRIIITECS YKA3aHHBIM
«BpelioHOCHBIVY  (hakTopam. [Ipy MHCOMHHMM OTMEYaeTcsi HapylleHHe pabOThl COMHOTEHHBIX
MEXaHM3MOB, MPOSIBISIFOIICECS B 3HAYMTEILHON aKTUBAIMK CHCTEM OOZIPCTBOBAHMS B TIEPUO]] CHA.
[IpoOy>KieHrie 13 BTOPOH CTa/IMK CHA COMPOBOYKIAETCS BHIPKEHHBIM HAMPSDKEHUEM PETYISITOPHBIX
CUCTEM. DTO BBIPKACTCS, B YACTHOCTH, B BHICOKOM CTAOWIBHOCTH CEPIEYHOTO PUTMA, XapaKTEPHOU
JUTSL TIOBBILIEHHOTO TOHYCA CHMITATUYECKOIO OTJIENA BErETATMBHOM HEPBHOW cHCcTeMbL. OTMedaeTcs
LEHTPAM3ALMS YIPABICHUS CEPIICUHBIM PUTMOM.

Il i mpoOyxnenust (MpoOyKIEHHE C TOSBICHUEM JIBIDKCHMS, 3aKTIOYAOIeecs B
3HAYUTE/IBHOM YBEJIMYEHHN aMIUTUTy bl curdaia DMI ¢ nosiBeHreM JBUTaTellbHbIX apTe(pakToB)
BCTPEYAETCSl KaK y 3/I0pOBbIX JTFOJIEH, Tak Uy O0ibHBIX MHCOMHHMEH. BoamokHo I v rpoOysaeHmii
SBJISIETCS YaCTHBIM CITy4aeM MEPBbIX JIBYX THUTIOB C BbIPAKEHHOM aKTHUBAIMEH BIDKEHUS. Y OONBbHBIX
NICUXO-(DMBUOTIOTMYECKOM MHCOMHUEN mpencrarieHHocTs [l Twma Bble, YeM y 3I0pOBBIX
HCTIBITYEMbIX, BEPOSTHO 32 CUET «aTb(pa-KoMIIOHEHTHD» I Tvra.
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SPONTANEOUSE ALPHA ACTIVITY IN HUMAN REM SLEEP

Sysoeva Yu.Yu., Verbitsky E.V.
Institute of Arid Zones of the SSC RAS
Rostov-on-Don, Russia

e-mail: sysoeva(@ssc-ras.ru

According to existing concepts, the «functional core» organizing cerebral
bioelectrical activity at different levels of wakefulness is formed by the oscillations
of alpha activity (Andersen, 1968; Nunez, 1995). The presence of alpha activity
during REM sleep fragments has been associated with the visual imagery in
dreaming (Tyson et al., 1984), or arousals, which could facilitate the connection
between the dreaming brain and the external world (Dement et al., 1958; Cantero
et al., 2000).

With the present study, we analyze spectral density of spontaneous alpha
activity during REM sleep fragments. Fourteen subjects (M, age 19-25 yrs.) and
five subjects (M, age 9-12 yrs) participated in this study. Pre-sleep questionnaires
were used to estimate the level of anxiety. Spontaneous alpha activity appeared
during REM sleep of adults displayed the enhance spectral density in 8-10 Hz over
occipital-parietal regions. The enhanced spectral density in 13-15 Hz over central
regions was shown in individuals with high level of anxiety too. These evidences
meet the requirement of arousal criteria in human REM sleep (ASDA, 1992).
Whereas the single oscillation of alpha activity in average frequency 8.2 Hz and
oscillation of theta activity in frequency 4-6Hz were presented during REM sleep
of adolescents. Oscillations of alpha and theta activity displayed the highest
spectral density over parietal-occipital regions and over central-parietal regions,
correspondently. A lot of vegetative arousals were seen in REM sleep of
adolescents, especially in REM sleep of adolescents with higher level of anxiety.

This evidence suggests that the development of spontaneous activation
mechanisms during REM sleep, in particular, the occurrence of prolong episodes
of alpha activity, is closely coupled to functional maturation of the frontal cortex,
the peak of which is occurred after the age of about 12.5 years in boys (Giedd, et
al., 1999).
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CIHIOHTHAHHAA AJIb®A AKTUBHOCTD B ITIAPATOKCAJIBHOM
CHE YEJ/IOBEKA

Cvicoesa 10.10., Bepouukui E.B.
Hucmumym apuonwvix 30n FOHI] PAH
Pocmoeg-na-/[ony, Poccus

e-mail: sysoeva@ssc-ras.ru

CornacHo CYHIECTBYIOIIMM MPEACTABICHUSAM, «()YHKIIMOHAIBHOE SAPOY,
OpraHu3yomiee OHO3JIEKTPUYECKYI0 aKTUBHOCTh MO3ra Ha pa3HbIX YpPOBHIX
O0onpcTBoBaHUs,  (OpPMUPYETCS  OCIWUISIUSAMH,  OOJajaroluMHu  anbda
akTUBHOCTBIO (Andersen, 1968; Nunez, 1995). Bo3nukHoBeHue anb(ha akTUBHOCTH
B (pparMeHTax MapajoKCATIbHOTO CHAa CBA3BIBAIOT C CHOBUJYECKOW AKTUBHOCTHIO
(Tyson, et al., 1984), 1100 ¢ akTUBAIUSMH MO3Ta, B 3TOM CIy4au BHIOJIHSIIOMIUMU
pPOJIb «3OHAUPYIOMIETO» MEXaHU3Ma CBSI3U OpraHu3Ma C OKpYKaroueh cpenou
(Dement, et al., 1958; Cantero, et al., 2000).

B Hactosimieit paGore aHanmuM3upoBanach CHEKTpalbHas IJIOTHOCTh
CIIOHTAHHOM anb(a aKTUBHOCTU B TMapaJloKcalibHOM ¢aze cHa uenoBeka. B
UCCIIEIOBAHUM TIPUHSUIM Y4acThe oOclieyeMble MYXKCKOro moisia 14 4eloBek B
Bo3pacte 19-25 ner m 5 denmoBek B Bo3pacte 9-12 jer, mnpeaBapuUTEIbHO
mubdepeHIMpoBaHHbBIE [0 YPOBHIO  JIMYHOCTHOM  TpEeBOXKHOCTH. B
napajokcaibHOM CcHe ooOcienyembix (19-25 neT) BO3HUKHOBEHHE albda
AKTUBHOCTU XapaKTEPU30BAJIIOCh YBEIWYCHUEM €€ CHEKTPAJIbHOW MJIOTHOCTH B
MapUeTaIbHO-OKIUIUTAIBHBIX 00JIaCTSIX 000MX MONyIIApuid C MaKCUMalbHOU
IJIOTHOCTHIO B auana3zoHe 8-10I'm. ¥V oOcnegyembix € MPOSBICHUSMU BBICOKOMU
TPEBOXXHOCTU TAaKXKE€ B ILEHTPAIbHBIX 0O0JIACTSIX HAOII0IANOCh YBEIWYEHUE
CIIEKTPaJbHOU TIJIOTHOCTH KoJyieOaHui B auama3zoHe 13-15I't. JlanHble COOBITHS
COOTBETCTBOBAJIM KPUTEPUSIM BBIJICICHUS aKTUBALUNA B MapajokcaabHOU (a3e cHa
yenoBeka (ASDA, 1992). V oGcnenyembix (9-12 ner) B mapajoKcalibHOM CHE
PErUCTPUPOBAINUCH OTJIETbHbIEC alb(a OCHWIISALNN ¢ cpeaHel yactoTout 8,2 I', ¢
HauOOJbIIEH CHEKTPaNbHOW IJIOTHOCTBIO B  MapHEeTaIbHO-OKIUITUTAIBHBIX
obOnactax, Ha uX (QoHE OTMEYalIuch KojiebaHusi B nuama3zone 4-6 I'm, c
MaKCUMaJIbHOW IUIOTHOCTbIO B  IEHTpaJbHO-MapHeTalbHBIX oOjacTax. B
MapajoKCalbHOM CHE Yy HUX ObUIM NpPEACTaBICHbl aKTUBAllMU BET€TaTUBHOMU
MPUPOJIbI, KOJUYECTBO KOTOPBIX ObUIO 3HAUYMUTENBHO OOJbIlIE y OOCIEayeMBbIX C
BBICOKOUM TPEBOKHOCTBIO.

[Ipeanonaraercs, 4TO pa3BUTHE MEXAHU3MOB CIOHTAHHBIX AKTUBALMI B
napajgokcaibHoi (haze CHA, B YACTHOCTHM BO3HMKHOBEHHE MPOJOJIKUTEIIbHBIX
AMU30/I0B ajdb(a aKTUBHOCTH, TECHO CBSI3aHO C (PYHKIHMOHAIBHOM 3PENOCTHIO
JT0OHOU KOpBI, MUK CO3PEBAHUE KOTOPOW y MAJIbUUKOB OTMEYAETCA B CpPEIHEM
nociue 12,5 ner (Giedd, et al., 1999).
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Human operators are often confronted with monotony, boredom, and
irregular work schedules. This could result in various dangerous situations. This
task could be dealt with using physiological parameters for monitoring, but large
individual variability of physiological indices makes it difficult. Thus, our study
summaries the effectiveness of the early drowsiness recognition. We compare CSP
and Bayesian methods sensitive to individual features and some eye-movement
(saccades and fixations) parameters.

Our experiments were carried out on the sleep-deprived healthy adults using
car simulator. EEG, ECG, eye movements, car simulator parameters and video of
subject’s face were recorded. Off-line expert rate of video and car simulator state
were used as subject’s state index.

Good recognition rate (75-95%) was shown for both CSP and Bayesian
methods. Bayesian method was slightly better than CSP. Meanwhile, fixations’
and ECG parameters did not show good correlation with drowsiness level. Spectral
analysis of CSP component showed changes in 8-20 Hz frequency range at the
early stages of drowsiness. This result is in good accordance with the general
notions of EEG dynamics in the drowsy state.

Support: RAS Presidium Program “Fundamental Sciences — for the Medicine”
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B coBpemeHHOM 0OmIecTBE MIMPOKO pPACHPOCTpaHEHA oOmepaTopcKas
NESATENbHOCTh, OIIMOKA B KOTOPOM MOTYT UMETh CEPhE3HBIC MOCIECTBUS BILIOThH
JI0 4YeNIOBEYECKUX >KEepTB (BOAUTENM, AUCHETYEPHl U T.1.). B TO ke BpeMms 10
HACTOSIIEr0 BPEMEHH HE pa3padoTaHO JO0CTaTOYHO A(OPEKTUBHBIX METOJI0B
KOHTPOJII COCTOSIHHSI OIlEpaTopa B PEKUME PEATbHOTO BPEMEHHM, B TOM YHUCIIE MO
MPUYMHE UHIUBUAYAbHON BapraOeIbHOCTH 3TUX MOKa3aTeNeH.

B Hamem wuccrnenoBaHMH CpPaBHUBAKOTCA BO3MOXHOCTH PAaCIO3HABAHHMS
panHux ctaguii apemothl o IOI Metogamu CSP m balieca, mo3BossiioniuMu
Y4YECTh WHIWBUIYAJIbHBIC PA3JINUMsl HUCHBITYEMBIX, & TAKXKE PACIlO3HABAHUE IIO
OKI' u HEeKOTOPBIM NapaMeTpaM ABUKEHHUM TII1a3.

DKCNEPUMEHTBI MPOBOAWINCH HAa KOMIIBIOTEPHOM CUMYJSITOPE BOXKICHUSA
aBTOMOOWJISI C YYaCTHEM 3JI0OPOBBIX HCIBITYEMBbIX B COCTOSIHUM YacCTUYHOU
JETPUBALIAY CHA.

PeructpupoBanuce: 931" nmo cucreme 10-20, OKI', HanpaBieHue B3risiaa
UCIBITYeMOTro  (ailTpekep), mapamMeTpbl aBTOMOOWISI B  KOMIIBIOTEPHOM
CUMYJISITOPE, a TAK)KE BUJICO3AINUCH

WA UCHBITYyeMOro. Buaeo3zanuch, OLEHEHHas JOBYMsS OJKCHOEpPTaMH, U
COCTOSIHUE aBTOMOOWJS BMOCIEACTBUM  CIY>KUIU KPUTEPUSIMU  COCTOSHUS
UCIIBITYEMOTO, C KOTOPHIMHU CPABHUBAIUCH (DU3UOTOTUUECKUE TTOKA3aTEIH.

Hamm skcnepuMeHTsl MoKa3aiu Xopouryro 3(QPeKTUBHOCTh paclio3HaBaHUS
Mmetomamu CSP u baifeca 1o cpaBHEHHIO C JKcrepTHOU ormeHkou (75-95%).
OddextuBHocTh MeTona baileca okazanach HeCKoJIbKO Bbimie. [lapametpbl
(buKcauii ¥ CaKKaIuueCKUX JBMIKCHHUH TIj1a3 HE MOKa3alu BBICOKOH KOPPEIAIIUH C
AKCHEepTHOM onleHKOM, kak U DKI' (BapuabenbHOCTh MHTEPBAJIA MEXKAY COCETHUMU
COKpalleHUsAMM). AHaIu3 BKJaJla B KOMIIOHEHTY, MojlydeHHyi0 meToaom CSP,
Pa3IMYHBIX CIEKTPAJIbHBIX JHAINIa30HOB ITOKAa3aJ, YTO B OCHOBHOM HAa PaHHUX
CTAIMSAX JPEMOTHI MPOUCXOAAT U3MEHEHUS B nuara3zone 8-20 ', uto HaxoauTCs B
COrjlacCud ¢ OOIICHPUHATHIMU TpPEACTaBICHUSIMU O JuHamuke OO mpu
HACTYIUICHUU JPEMOTHOTO COCTOSIHUSL.

Pa6ora BpinosineHa npu nogaep:kke ¢pounaa Mpesnanyma PAH (" dyHaaMeHTaJbHbIE HAYKH -
MeaumnuHe')
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SLEEP DURING COLD ACCLIMATION FORMATION IN RATS

Ventskovska O.A., Shylo O.V., Babiychuk G.O.
Institute for Problems of Cryobiology and
Cryomedicine NAS of Ukraine

Kharkiv, Ukraine
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Sleep plays an important role in energy savings during long-term cold
acclimation. However, there are another acclimation ways not leading to energy
expenditure increase. Sleep structure changes during these effects have remained
unknown.

Short-term acclimation (STA) was carried-out by exposing animals during
two days to -12 or +10°C for 15 min hourly for a total of nine exposures per day;
long-term acclimation (LTA) was achieved by keeping rats at +4°C for 30 days.
Cold resistance was evaluated in the forced swim test in cold water. Metabolism
activation level was evaluated indirectly by changing serum concentration of
thyroid hormones. Sleep stages were scored off-line by visual inspection of 4 s
epochs using Matlab-software specially designed program.

In all cases, cold exposures cause acclimation formation expressed either by
increase of animals swimming time due to dominance of behaviour passive forms
or increase in body temperature resistance.

LTA led to significant increase of T4 level from 84.3+7.3 to 157.1+23.7
nmol/l. Furthermore, the increase of SWS duration (from 54.8+£2.7 to 72.5+4.6%)
and REMS (from 7+1.1 to 10.6+£0.6%) was found.

During STA(-12°C) T4 excretion was lower (125.8£9.8 nmol/l) and the only
increase in REM sleep amount (from 6.2+1.2 to 13.7+1.7%) during light period by
reducing the wakefulness amount (from 47.4+11.1 to 22.3+2.5%) was observed. In
spite of SWS amount changes absence, the increase of its episode duration was
marked.

During STA(+10°C) there also was observed the increase of SWS episodes
duration, but there were no changes in thyroid activity.

Thus, cold acclimation formation after LTA and STA occurs against the
backdrop of increasing the sleep occurrence. Peculiarities of sleep changes
probably reflect involving different mechanisms in acclimation formation.
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COH TP ®OPMUPOBAHUU XO0J0JOBOM AKKJIUMAIIUHU Y KPBIC

Benuykoeckaa E.A., IlTuno A.B., baouiiuyk I'.A.
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JloniroBpeMeHHasi akKJIUMaIusl K XOJOAY, XapaKTepU3yeTcsl 3HAUUTEIbHBIM
HaIpsHbKeHHEM MEeTabOoInYecKor akTUBHOCTHU. [Ipu 3TOM COH Urpaet BaxHYIO POJb
B OKOHOMHH »3Hepro3arpar opranu3dMa. OJHAKO CYIIECTBYIOT CHOCOOBI
MOBBIIIEHUSI XOJIOJIOBOM YCTOMYMBOCTH, HE TMPUBOMSAIINE K BBIPAXKEHHOMY
HaMpsDKEHUI0 YHEPreTU4ecKoro metadbonusma. M3meHeHHMss cHa TIpU  TakHUX
BO3JICMCTBUSIX OCTAIOTCSI HEU3YUECHHBIMH.

KparkoBpemennyro  akknumanuto (KA)  dopmupoBanum  noasepras
)KUBOTHBIX B TEYECHHE 2-X JHEW B CBETJIOE BpeMsi CYyTOK 2-M cepusiMm u3z 9
oxnaxaeHuu no 15 mun npu temneparype +10°C nnm —12°C ¢ uHTEpBAIaMU 110
45 mun nipu Temrepatrype 23°C, nonroBpemeHHyto ([{A) - BeLAepKUBasi >)KUBOTHBIX
B TeueHue 30-40 gueit pu +4°C. X0Ja010BYI0 YCTOMYUBOCTH OIICHUBAIU B TECTE
BBIHYKJICHHOTO IUJIaBaHUS B XOJIOAHOW BOJE. YPOBEHb aKTHBALlUM MeTabOIM3Ma
OLICHUBAJIM KOCBEHHO IO W3MEHEHUIO KOHIEHTPAlUM TUPEOUIHBIX TOPMOHOB B
CBIBOPOTKE KpoBU. CTaaupoBaHUE CHA OCYIIECTBISUIM 1O OOLIECHPUHATHIM
KputepusM 1o 4 CceK HHTEepBajiaM C IOMOINIbIO CIEHHAIBHO pa3padoTaHHOMN
nporpaMmsl B cpesie Matiao.

Bo Bcex ciyyasix XOJOAOBBIE BO3JIEUCTBUS MPUBOAWINA K (HOPMUPOBAHUIO
aKKJIMMallUM, BBIPAKAIONICHCA WJIM B YBEIWYEHUE BpPEMEHU MpeObIBaHUS
KUBOTHBIX B XOJIOJHOM BOJ€ 3a CYET JOMHUHUPOBAHWU MACCUBHBIX (opM
MOBEJICHHUSI, WJIH MOBBIIICHUH YCTOWYHUBOCTH TEMIIEPATYphI TENA.

JIA COOTBETCTBOBAJIO 3HAYUTENILHOE yBeJqnueHue ypoBHs T4 ¢ 84.3+7.3 no
157.1£23.7 wumons/n. Ilpu 3TOM NPOUCXOIUTIO YBEIMYEHUE JIUTEIHHOCTHU
MeneHHoBoaHOBOTO (MBC) (¢ 54.8+2.7 no 72.54+4.6%) u mapaaoKcalbHOrO CHa
(IIC) (c 7£1.1 mo 10.6£0.6%).

ITIpu KA (-12°C) yposennr T4 Bo3pactan meHee BbIpaxkeHO - 10 125.849.8
HMOJIB/JT U TIPU 3TOM YyBEIMYMBAJIACh UIUTENbHOCTH ToJbko IIC (¢ 6.2+1.2 no
13.7£1.7%) B cBeTioe BpeMs CYTOK 3a CYET CHHIXKCHHS KOJIMYECTBa
oonpctBoBanus ¢ 47.4x11.1 go 22.3+2.5%. HecmoTpsi Ha OTCYTCTBUE M3MEHEHUI
kosmmuectBa MBC, yBenMunBaIach JIUTEIBHOCTh €0 3MU30/10B.

[Tpu KA (+10°C) Tak:xe nNporucXOoAWIO YBEIUUECHUE ITUTEIbHOCTH MU30/10B
MBC, HO He Ha0II01aT0Ch U3MEHEHU TUPEOUTHON aKTUBHOCTH.

CnenoBarenbHo, (hopMupoBaHUE XO0J0A0BOM akkiumanuu npu JA u KA
MpPOUCXOJUT Ha (OHE yBENWYEHUS MPEJACTaBICHHOCTH cHa. I[lpu 3Towm,
OCOOCHHOCTH HW3MEHEHMI CHa, BEPOSTHO, OTPaXalOT BOBJICUEHHE Pa3IUYHBIX
MEXaHU3MOB B CTAHOBJICHUU aKKJIUMAaIIUH.
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HETEROCHRONY OF EEG, COGNITIVE AND BEHAVIORAL
ACTIVITY DURING DECREASED THE AROUSAL LEVEL CAUSED BY
MONOTONY PERFORMANCE WITH CLOSED EYES

Zakharchenko D.V., Lemeshko K. A., *Dementienko V.V., Dorokhov V.B.
Institute of Higher Nervous Activity and Neurophysiology, RAS

*JSC “NEUROCOM”

Moscow, Russia

e-mail: vbdorokhov@mail.ru

Time sequence interaction miscoordination of sleep and wake physiological
systems with mental processes in operators’ falling asleep are the basic reason of
problems origin in development devices monitoring the operator’s arousal level.
The purpose of our investigation was to analyze these processes heterochrony in
monotone operator’s performance.

We used previously developed monotonous psychomotor test (Dorokhov
1993-2000) carrying out with mental count with subjects’ eyes closed allowing
within the first 5-15 min of the observation the signs of drowsiness to appear,
accompanied by psychomotor activity disturbance. During the test we recorded:
EEG (C3 and C4), horizontal eyes movements, skin galvanic response, subject’s
video and sound and the button presses. Subjects were 20 males.

It was showed that the correct test performance was observed only during
alpha activity predominance. Deviations from correct test performance in most
cases were accompanied by appearance of drowsy and sleep EEG patterns.
Insignificant activity disturbance began during horizontal slow eyes movements
emergence, distinctive for initial drowsiness stage — theta/delta EEG waves. More
considerable test performance disturbance with correct count loss expressed in
chaotic pressings of the button were accompanied by EEG sleep patterns
appearence, distinctive for second stage of sleep: sleep spindles, sharp waves, K-
complexes, delta waves.

This result with correct count loss but with persistent motoric component
may be interpreted as indicator of drowsy consciousness state origin. In our
opinion it is the origin of such consciousness state that causes car accidents, when
driver considers himself still vigilant, but objectively according to EEG activity
certain brain structures have already reached the second stage of sleep.
Consequently, the Fatigue Detection System should prevent a driver from getting
into such a dangerous state when he is still able to automatically drive the car but
his cognitive functions are damaged and adequate self-assessment is lost.

Support: RAS Presidium Program “Fundamental Sciences — for the Medicine”
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TETEPOXPOHMUS NOKA3ATEJIEN DJIEKTPOSHIIE®AJIOT'PAMMBI,
KOI'HUTUBHOM 1 MOTOPHOM JAESATEJIBHOCTH ITPHU
3ACBIITAHUHU, BBI3BIBAEMOM MOHOTOHHOM HEIIPEPBIBHOM
NEATEJBHOCTBIO C 3AKPBITHIMHU I''TASAMU

3axapuenko /[.B., Jlemewro K.H., */[emenmuenko B.B., /lopoxoé B.b.
Hucmumym evicuieii HepeHnoii deamenvHocmu u Heipogusuonocuu PAH
*340 «HEHPOK OM)», Mockea, Poccusa

e-mail: vbdorokhov@mail.ru

PaccornmacoBanue BpeMEHHOW  MOCJIEAOBATEIBHOCTA  B3aUMMOJICHCTBUS
(bU3MOIOTUYECKUX CUCTEM OOAPCTBOBAHMS M CHA C MCUXUYECKUMHU MPOIECCAMU
MIpU 3aCBIMAHUU Y OMNEPATOPOB SABJISIETCA OCHOBHOM MPUYMHOW BO3HUKHOBEHMUS
TpyAHOCTEM B  pa3paboTke A(OPEKTUBHBIX CUCTEM  KOHTPOJS  YPOBHS
00JIpcTBOBaHUSI. AHAJIW3 TETEPOXPOHUU OSTUX MPOIECCOB TMPU BBHINOJIHEHUU
MOHOTOHHOM ONEPATOPCKOMN IESITEIbHOCTH SIBJISUICS LEJIbIO HAIIETO UCCIEAOBAHUS.

MpbI Hcnonb30Baliv, pa3pabOTaHHBIM HAMU MOHOTOHHBIN MCUXOMOTOPHBIN
tect (JopoxoB 1993-2000), co cueroM mpo cebsi (03 BHEIIHEW CTUMYIISLINH),
BBITIOJTHSIEMBIN C 3aKPBITBIMU TJIa3aMU U MO3BOJISIIOLIUMN OBICTPO B TeueHue 5-15
MUHYT HaOJIOJaTh KPAaTKOBPEMEHHbBIE 3MU30/bl «MHUKPOCHA)», COMPOBOXKIAEMbIC
HApYLIEHUSIMH  TICUXOMOTODHOM  JEATEIbHOCTH. PeructpupoBanuch:  aBa
orBenenuss OOl (C3, C4), ropuszoHTanpHble ABWKeHUs 1ia3, KI'P,
BHUJICOU300paKEHUE UCIBITYEMOT0, 3BYK M Haxathue KHomku. KomauyecTBo
HCTBITYEMBIX - 20 YEI0BEK.

[loka3zaHo, 4TO TpaBUJIBLHOE BBHINOJHEHUE TecTa HAOIIOAAIOCh TOJIBKO Ha
¢dbone mnpeobmamanus anba - purma III. OTKIOHEHHS OT MPaBHIBHOTO
BBITIOJTHEHUSI TECTa, B OOJBIIMHCTBE CIy4aeB COMPOBOXKIAAINCH BOZHUKHOBEHHEM
OPEMOTHBIX M COHHBIX mnaTrTepHoB B ODOI. He3HauuTenbHblE HapylLICHUA
JeATeTbHOCTA HAYNHAINCH HA (DOHE BO3HUKHOBEHHMS MEIJIEHHBIX TOPU30HTAbHBIX
JBIKCHUM TJa3, XapakTEepPHBIX NJi1 HA4YaJIbHOM CTaguu JPEMOTHI - TeTa/ JenbTa
BoJIHBI DOI'. boiiee 3HauMTENBbHBIE HAPYIIEHUS, C MOTEPEN MPABUIBHOCTH CUETA,
BbIpaXKalollluecsi B XAOTHMUYECKUX HAXATUAX HA KHOIKY, COMPOBOXKIAIHUCH
pasBuTeM naTrTepHoB DI, XapakTepHBIX Uil BTOPOM CTaJWM CHA: COHHBIC
BEPETEHA, OCTPBIE BOJIHBI, K-KOMIUIEKCHI, AEIbTa BOJIHBI. JTO COCTOSIHUE MOYKHO
TPAKTOBaTh KaK MOKa3aTelb BO3HUKHOBEHHUS JPEMOTHOI'O U3MEHEHHSI COCTOSIHUS
CO3HaHUA.

[lo HameMy MHEHUIO, BO3HMKHOBEHHE TaKOTO COCTOSIHUS CO3HAHMUS
ABJISIETCS MPUYMHOW aBapui Ha TpaHCHOPTE, KOrjJa BOJUTENb CYOBEKTUBHO
BOCIIPUHUMAET CBO€ COCTOSIHUE Kak OoJApCTByIOIIee, HO OOBEKTHUBHO IO
nokazarensiM IOOI' - oTAenpHbIE CTPYKTYPhl MO3Ta YK€ JOCTUIJIN BTOPOW CTaJUH
cHa. Takum 00pa3om, 3PheKTUBHBIE CUCTEMBbI KOHTPOJISI YPOBHSI OOAPCTBOBAHUS
JOJKHBI MPEJOTBpallaTh NOMaJaHue BOAMUTENSI B 3TO OMACHOE COCTOSIHHME, KOrja
OH elle CIOCOOEH aBTOMATUYECKH YIPaBIATh aBTOMOOUIIEM, HO (PYHKIIMOHUPOBAHKE
€r0 KOTHUTHBHBIX (DYHKIIMI yrKe HapYIIIEHO U yTpadyeHa aJIeKBaTHast CAMOOLICHKA.

Padora BeinosiHeHa mpu noaaep:xkke ¢pouaa Ipesuauyma PAH-«®@HM»
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BASAL FOREBRAIN HISTAMINE INCREASES DURING
WAKEFULNESS, INDUCES WAKEFULNESS AND ACTIVATES THE
CORTEX

Zant J.C. 1, Rozov S.Z, Panula P.’ and Porkka-Heiskanen T.
"Institute of Biomedicine/Physiology, University of Helsinki
*Institute of Biomedicine/Anatomy, University of Helsinki
Helsinki, Finland

e-mail: janneke.zant@helsinki.fi

Introduction & Objectives: The basal forebrain (BF) participates in the
control of vigilance state. The build-up of adenosine in the BF during sleep
deprivation (SD) inhibits wake-promoting neurons and thereby promotes sleep.
However, the animals are able to stay awake, suggesting increased activity of the
wakefulness-maintaining systems counteracting sleep pressure.

Histamine excites BF neurons and histamine infusion into the BF induces
wake. Therefore we hypothesize that the histaminergic system may be involved in
counteracting the effect of sleep pressure in the BF.

Materials & Methods: Male Han-Wistar rats were subjected to a 6 hour SD
by 'gentle handling'. In vivo microdialysis was used to sample the BF extracellular
space before, during and after SD and samples were analysed using HPLC. The
effect of histamine on vigilance state and the power spectrum of the
electroencephalogram (EEG) was examined by infusing histamine into the BF for
3 hours by means of reversed in vivo microdialyses.

Results: Histamine levels increased immediately and remained constant
throughout the SD period (n=8, ANOV A repeated measures P<0.05), returning to
baseline instantly after SD. Infusion of histamine into the BF increased
wakefulness and altered the EEG power spectrum. Across vigilance states EEG
delta power (0.5-4Hz) was decreased and EEG theta power (4-9Hz) was increased.

Conclusions: Histamine levels do not change due to increased sleep
pressure and thus do not appear to be involved in counteracting the effect of
enhanced sleep pressure. However, these results do further indicate the BF as a key
site for histamine to promote cortical activation and wakefulness.
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COMHOJIOI'YSA B UHTEPHETE

CTaDTOB bIN IIYHKT s moncka COMHOJIOTMUECKOW MHPOPMALIUU B UHTEPHETE
(o6HOBNsIEMBIE pecypebl) http://www.sleep.ru/links/ Ccpimku Ha BaxKHEHIIINE MHTEPHET-CAUTHI U
JTUPEKTOPHH 110 COMHOJIOTUH (C aHHOTALMSAMH Ha PYCCKOM SI3BIKE).

KaraJjor pecypcoB MHTEPHETA 110 CHY

Neurosciences on the Internet http://www.neuroguide.com/
MourHbIi KaTajaor HHTEPHET-PECYPCOB MO HEHPOHAayKaM ¢ yJOOHBIM TOMCKOM, OOHOBIISIETCA,
pecypchI IJIaBHBIM 00pa30M MO HEBPOJIOTHH.

bubanorpadus u JIeKTPOHHBIE OHOJINOTEKH

PubMed http://www.ncbi.nlm.nih.gov/PubMed/

Hawubounee momnas 6nomenuuunckas oubnmorpadudeckas cucrema (Ha ocaose Medline). [l
’KYPHAJIOB, UMEIOIINX 3JICKTPOHHBIE BEPCHH, €CTh CCHUIKH Ha TIOJHbIE TEKCTHI CTaTe (Ciemayer
UMETh B BUJLY, UTO B OOJIBITMHCTBE CJIy4aeB CBOOOAHBIN IOCTYI K HUM OTCYTCTBYET). Y 1OOHBII
BXOJ, OpPUEHTUPOBAHHBIA HA COMHOJIOTOB - C TJIaBHOM CTpaHUIIbI caiiTa Www.sleep.ru .

Google Scholar http://scholar.google.com/

MoTHbIi MOUCK cTaTel, KHUT U a0cTpakToB. [103BOJIsIET HAXOIUTh UCTOYHUKH MO KITFOYEBBIM
CJIOBaM JIake B ClIydae, KOra JOCTYI K HUM MPEJOCTaBIsIeTCs TOIBKO MO TOMHUCKE, U B TO Ke
BpEMsI HAXOAMT TEKCThI CTAaTe|, TOMEIIEHHBIE B OTKPHITOM JIOCTYIIE (B T.4. HEJIOCTYITHBIEC Yepe3
PubMed). Ccbuiku "Cited by ..." B pe3yapTaTrax momcka moka3plBaroT YUCIIO MyOIUKAIHM,
UTHPOBABIINX JAHHYIO MTyOIMKALUIO, M BEAYT K UX CITUCKY.

American Sleep Association http://www.sleepassociation.org/index.php?p=newsletter
SLEEP NEWS - weekly update. bubnanorpaduueckas 6aza abcTpakToB cTraTeid o CHY 3a
MOCJIEAHKE robl. MOKHO NOANKUCATHCS HAa €KCHEEIbHYIO PACCBUIKY OIJIaBJICHUM CTaTeN U
abCTpaKkTOB.

Online papers on consciousness http://www.u.arizona.edu/~chalmers/online.html
Bonbiras o6HOBIsIEMast KOJUTEKITUS cTaTeil o co3HaHuio B cBoOoHOM noctyre (D.Chalmers).

Wunexe mutuposanus Scilnd. J{octyn ¢ komneiorepoB BEH u Muctutyros PAH,
MOAKJTIOUEHHBIX K ceTH elibrary http://pcs.isiknowledge.com/

Te3ucel Bcex koH(epeHInit AMEpUKaHCKOTo 001ecTBa o u3ydeHuto cHa (SRS), cBo0oaHO 1u1s
ckayuBanus! http://www.journalsleep.org/ViewAbstractSupplement.aspx
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HavuHblie :KypHAJIBI

(* - ecTHL CBOOOTHBIN 0CCIVIATHBIN AOCTYI K MOJHBLIM TEKCTAM):

60 >xypHaioB 1o HeiipoHaykam u3narenbeTBa Wiley InterScience (Depression and Anxiety,
Epilepsia, European Journal of Neuroscience u ap.). JIocTyn K MOJTHOTEKCTOBBIM CTAThsIM C
komnbiorepoB BEH u UnctutyroB PAH, nogkimtoueHHsIX k cetu elibrary.
http://www3.interscience.wiley.com/

Bbonee 300 sxypHasioB 110 OMOJIOTUH U MEIMIIMHE U MHOTO KHHT M3AaTenbcTBa Springer. Jloctym
K ITOJIHOTEKCTOBBIM CTaThsIM M KHUraM ¢ koMmnbrotrepoB bEH u Muctutyros PAH,
MOAKJIIOUEHHBIX K ceTH elibrary. http://www.springerlink.com/

Bonee 400 >xypHanoB 1o HelipoHaykaM, B TOM YUCIIe HAUOOJIEe YaCTO UCTIONB3YeMbIX. JKypHabl
Journal of Sleep Research, Sleep Medicine, Sleep Medicine Review, Sleep and Biological
Rhythms, Current Biology u np. ZIocTym K MOJTHOTEKCTOBBIM CTaThsAM ¢ KommbioTepoB BEH u
HucturyroB PAH, noaxmouennsIx K cetu elibrary. http:/www.sciencedirect.com/

Kypnan Nature. JIoCTyI K TOJTHOTEKCTOBBIM CTaThsIM € KoMnbloTepoB 6ubianorek BEH u OBH
PAH, noaxio4yeHHBIX K ceTH elibrary. http://www.nature.com/nature/

Kypnan Science. [locTyn K HOJTHOTEKCTOBBIM CTaThsiM ¢ KoMibioTepoB BEH u MucTtuTyToB
PAH, noaxioueHHBIX K cetu elibrary http://sciencemag.org/

*Xypnan Archives Italiennes de Biologie. A journal of neuroscience. Crapeiimmii u
aBTOPUTETHEHNILINH JKypHaI 110 HelipoHaykaM B Mupe. OCHOBaH BbIIAIOLIUMCS UTAJIbSHCKUM
¢uznonorom Anmxeno Mocco B 1882 roxy. MHoro crateii mo cHy. OTaenbHbIe BBITYCKH,
nocasiennsie M.Kyse (2004), O.ITomneitano (2004), H. Kneiitmany (2001), Mopytm (1997),
¢buznonornueckuM acrekraM cHa-0oapcTBoBanus (1996). Bee apxuBHBIE CTATBH B CBOOOTHOM
poctyne! (3a UCKIIOYEHUEM TEKYILETO Tofa).
http://www.architalbiol.org/index.php/aib/issue/archive

*XKypuan PNAS — o11H U3 caMbIX aBTOPUTETHBIX )KYpHAJIOB B Mupe. Bece cTaTbi B OTKPBHITOM
poctymne! (3a UCKIIOYCHUEM CaMbIX CBEKHUX BBHITYCKOB). http://www.pnas.org/

*WNutepuer-xypHan The Open Sleep Journal. M3naercs ¢ 2008 rona. CBOGOIHBIN H0CTYIT KO
BceM crathsaM! http://www.bentham.org/open/toslpj/openaccess2.htm

*Camblii BBICOKOpeHTHHTOBBINA HHTEepHET-KypHaT PLoS ONE. U3naercs ¢ 2006 rona.
CB0OOHBIN JOCTYI KO BCEM CTaThsIM !
http://www.pubmedcentral.nih.gov/tocrender.fcgi?journal=440&action=archive

*Nurepuer-xypHan PLoS Biology. M3naercs ¢ 2003 rona. CBoGOJHBIH 10CTYIT KO BCEM
cratesaM! http:// www.plosbiology.org/home.action

Kypuan The Journal of Neuroscience. Bece ctaTtbu B OTKpBITOM J0CTYyIIE! (32 HCKITFOUEHUEM
CaMbIX CBEXHX BBIITYCKOB) http:/www.jneurosci.org

Kypnan Journal of Sleep Research http://www.blackwellpublishing.com/journal.asp?ref=0962-
1105
noctym yepe3 ScienceDirect (cm. Bbimie), a Takxke ams wieHoB ESRS.
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http://www3.interscience.wiley.com/
http://www.springerlink.com/
http://www.sciencedirect.com/
http://www.nature.com/nature/
http://sciencemag.org/
http://www.architalbiol.org/index.php/aib/issue/archive
http://www.pnas.org/
http://www.bentham.org/open/toslpj/openaccess2.htm
http://www.pubmedcentral.nih.gov/tocrender.fcgi?journal=440&action=archive
http://www.plosbiology.org/home.action
http://www.jneurosci.org/
http://www.blackwellpublishing.com/journal.asp?ref=0962-1105
http://www.blackwellpublishing.com/journal.asp?ref=0962-1105

Kypnan Sleep. JlocTym K mOJTHOTEKCTOBBIM CTAaThsIM TOJBKO I WwieHOB SRS u AASM.
http://www.journalsleep.org/

Kypnan Sleep and Biological Rhythms
http://www.blackwellpublishing.com/journal.asp?ref=1446-9235
noctym yepe3 ScienceDirect (cM. BbIie)

Kypnan Biological Rhythm Research. Her noctyna k mosHOTEKCTOBBIM BEPCHSIM.
http://www.tandf.co.uk/journals/titles/09291016.asp

*Bce crathu nadopatopun [xxepoma 3urens (Jerome Siegel, UCLA) BbIIOXeHBI Ha
http://www.semel.ucla.edu/sleepresearch/?searchF or=&goButton=go

*bronnerens SRS Bulletin mroctynen cBo6oaHO.
http://www.sleepresearchsociety.org/archive.aspx

*MOXHO, TPEeIBAPUTEIHLHO 3apETUCTPUPOBABIINCE, 3aKa3aTh Y HAIIUX COOTEYECTBEHHUKOB,
paboTaronux 3a py0exoM, MOJIHOTEKCTOBBIE BEPCHH cTaTel (HO He 3JI0yNoTpedasATh!)
http://molbiol.ru/forums/index.php?act=SF&s=&f=2

duHancupoBaHmne UCCJIeI0BAHUN

Crpanuna "Funding Opportunities" Ha caiite Sleep Research Society
http://www.sleepresearchsociety.org/FundOpp.aspx

PaboTa

Crpannia BakaHcwii Ha caiite Sleep Research Society
http://www.sleepresearchsociety.org/JobOpp.aspx

HavuHble o01ecTBa

e Cekmus comHonorun gusuonorudeckoro odmecrsa uM. U.I1L.I1aBnoBa (Poccuiickoe
00I111eCTBO COMHOJIOTOB) http://www.sleep.ru

e AwmepukaHckoe oOmiecTBo 1Mo uzyueHuero cHa Sleep Research Society (SRS USA)
http://www.sleepresearchsociety.org/

e AwmepukaHCKas accolmanus 1o cHy American Sleep Association.
(www.SleepAssociation.org ) pecypc Uit HIMPOKON MYOJIUKH U Bpauei-COMHOJIOTOB.
MoO>KHO OMHUCATHCS Ha eKEHEIENbHYIO0 PACChUIKY OTJIaBICHUH cTaTeil n aOCTPaKTOB
(cMm. BbILIE).

e Espomneiickoe obmiectBo comHonoroB European Sleep Research Society (ESRS)
http://www.esrs.eu/

e AmepukaHckoe o0miecTBo 1a00paHTOB-COMHOJIOTOB American Association of Sleep
Technologists (AAST) http://www.aastweb.org/

e OOmectBo no u3ydeHuto cHoBuaeHnit The Association for the Study of Dreams (ASD)
http://www.asdreams.org/
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http://www.blackwellpublishing.com/journal.asp?ref=1446-9235
http://www.tandf.co.uk/journals/titles/09291016.asp
http://www.semel.ucla.edu/sleepresearch/?searchFor=&goButton=go
http://www.sleepresearchsociety.org/archive.aspx
http://molbiol.ru/forums/index.php?act=SF&s=&f=2
http://www.sleepresearchsociety.org/FundOpp.aspx
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http://www.sleep.ru/
http://www.sleepresearchsociety.org/
http://www.sleepassociation.org/
http://www.esrs.eu/
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dDopyMbl 1 CHEIMAJINUCTOB MO CHY

http://www.sleepnet.com/wwwboard/health.htm - ¢popymbI 111 KTMHUIMCTOB (MOHUTOPUHT
Benet The School of Sleep Medicine, Inc., unen Stanford University Center of Excellence for the
Diagnosis and Treatment of Sleep Disorders)

http://www.asdreams.org/idxdiscussions.htm - ¢popymbl Accormanuy u3y4eHus] CHOBHICHUN.
Brurouaror ASD Bulletin Board, ASD News List, ASD Chat, Invited Speakers Discussions.

7ZKHBOTHBIE B OMOMEIMIIMHCKOM PKCIIEPUMEHTE

Policies on the Use of Animals in Sleep Research
http://www.sleepresearchsociety.org/Policy Animals.aspx

Ha caiite SRS. Pa3znooOpa3Has nHpopmarus, ykazaHus, peKkoOMeHayeMas JInTepaTypa u
1o100pKa CChIIOK Ha APYTHME HHTEPEHET-PECYPCHI MO MpobiieMaM UCIOIb30BAHUS )KUBOTHBIX B
OMOMETUITMHCKUX UCCIIEI0BaHUSX.

DKCcIepUMEHTHI Ha )KUBOTHBIX M TyMaHU3M http://www.neuroscience.ru/content/view/203/25/
[Touemy HEOOXOTUMBI SKCTIEPUMEHTHI Ha )KUBOTHBIX ?

dopmMaTsl JaHHBLIX

European Data Format EDF http://www.edfplus.info/

[Tonmmnoe onucanue EBponetickoro gpopmara naHabX. CChUIKH Ha IPOTPAMMBI B OTKPHITOM
JOCTYIIE, NIOJIE3HBIE IIPU €T0 UCNOIb30BaHUH. KoMnanuu, npon3Boasiue nporpaMmsl,
ucnonssyromue EDF.

IIpouee

Sleep Scoring Manual http://www.aastweb.org/reference/r_k.asp
PykoBonactBo no cragupoBanuto cHa Rechtschaffen & Kales (6e3 pucynkoB)

Sleep Stage Scoring http://www.emedicine.com/neuro/topic443.htm
PyKkoBOJCTBO 1O CTaMpOBAaHUIO CHA, OCHOBaHHOE Ha mpaBmiiax Rechtschaffen & Kales c
COBPEMEHHBIMU JIOTIOJTHCHUSIMH.

Clinical Protocols http://www.aastweb.org/reference/protocols.asp
KOHHGKI_[I/IH KIIMHNYCCKHUX HpOTOKOJIOB.

Technical Tips (http://www.aastweb.org/techtips.asp
TexHuyeckre COBETHI M0 MOJIUCOMHOTpapUIECKON perucTpanuy.

Guideline for Emergency Situations During Recording Polysomnograms
http://www.aastweb.org/reference/emergency.asp
JIeHCTBUS B Upe3BBIYAWHBIX CUTYAIMSX MPU TOJTMCOMHOTpapHUECKON perucTpamuu.
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HIGH-QUALITY SIMULTANEOUS MEASUREMENTS OF RODENT
BEHAVIOR & PHYSIOLOGY PARAMETERS.

Ronald Bulthuis1, Ellen Molewijkl, Marco Boscaro2, Eric Rieux2
T Metris B. V., Hoofddorp, The Netherlands
% Data Sciences International, Minneapolis, USA

Metris B.V. offers and supports highly advancednon-invasive laboratory equipment for in
vivoresearch with freely moving rodents. The systems arehighly modular, complementary and
ready to be coupled toother systems. Main products of Metris are:

LABORAS is innovative equipment for theautomated assessment of laboratory animal
behaviors and positiontracking based on vibration analysis;

SONOTRACK records, analyzes and plays back ultrasonic vocalizations of animals

A recent development is the integration ofLABORAS with the Data Sciences (DSI)
Telemetry system which measures wirelessly a number of physiological parameters.Validation
of the integrated solutions shows an improvement of the quality ofresearch while decreasing
time, money and numberof experiments and animals.

LABORAS :AutomatedBehavioral Scoring and Tracking

LABORAS is an efficient and validated noninvasivetechnology, based on
forcemeasurement and pattern recognitiontechniques.The triangular shaped sensorplatform
records all movementsevoked by the animal. Each behavior has its ownunique signature of
vibration/force characteristics, whichcan be detected by the LABORAS software toidentify a
behavior. The system is currently theonly validated equipment on the market that is ableto
determine a large number of differentbehaviors without a human observer.

LABORAS can detect a wide range of differentbehaviors such as climbing, drinking,
eating,grooming, immobility, locomotion and rearing. Inaddition it provides tracking parameters
— position,speed, maximum speed, average speed, travelleddistance and position
distribution.Metris continuously offers new validated behavior detection software to detect both
normal and druginducedbehaviors such as hind-limb lickingdetection, scratching behavior and
circling behavior.The unique functionality enables the researcher toperform behavioral research
faster, more consistentlyand more efficiently than possible withhuman observation or other
technologies.

LABORAS in Drug Discovery (Application areas)

Target Discovery

Behavioral phenotyping of transgenic animals is apivotal element in chasing promising
targets forfuture drug development (FDD). To screen hugeamounts of genetic modifications, a
quick and easybehavioral method with high quality and capacity,such as LABORAS, is the
answer.

(Safety) Pharmacology and Toxicology

When studying the efficacy and safety of a futuredrug, animal behavior is a very
important andsensitive end-point. A standardized high-capacitybehavioral screening method
increases efficiency andquality of results and reduces lead times.
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CNS Research

The system can be used to investigatepharmacological efficacy of potential leads,
pharmacological antagonist efficacy, adverse effects of drugs such as hyperactivity, circling,
immobility/freezing, excessive grooming, etc.

Pain Research

LABORAS has a specially developed algorithmdedicated to pain research. After
administration of thepainful fluid the hind-limb licking response is measuredto investigate the
effect of pain reducing drugs (Formalin Test).

Allergy Research and Dermatology
LABORAS offers the automatic detection of scratching behavior for mice and rats.

LABORAS Advantages
For Management For Researchers
e Increases efficiency of research. e Obijectivity and standardization of data collection.
e ‘One stop shop’ for rodent tracking and automated e Reduces inter- and intra-observer bias.
behavior identification. e Easy to use and matches specific research needs (as it was
e Reduces experimental lead time, animals and costs. designed for and with the help of researchers).
e GLP-compliance (21CFR/Part 11). e Measurement in total darkness possible (no video cameras
e Speeds up experimental throughput. or light required).
e Combines quality and efficiency. e Limited amount of data (raw data can be kept, no large
e Efficient use of equipment. video data files).
e Replaces several dedicated systems. e Home cage type environment.
e Flexible update and extension options. e Standard data output (time-tagged files).

e Exportable Result summaries (Excel & statistical software)

LABORAS data is reliable and free of inter- and intra-observer bias or anticipated
scoring, thereby providing a standard behavioral measurement worldwide.

LABORAS enables the researcher to carry out more behavioral experiments in a shorter
time with fewer animals and less equipment, while obtaining higher quality data. The
LABORAS system can be a valuable tool to standardize behavioral measurements, particularly
for disciplines falling under good laboratory practice (GLP) regulations.

DataSciences Telemetry: Wireless measurement of Physiological parameters in
animals

Data Sciences International (DSI) provides complete systems for monitoring and
collecting data from conscious, freely moving laboratory animals. No wires or tethers are
needed, resulting in higher quality research data.

The DSI telemetry system facilitates the monitoring of animals while they move freely
within their cages. A miniature transmitter implanted in each animal measures one or more
parameters (e.g. blood pressure, temperature heart rate, ECG, EEG, etc.) and transmits the data
via radio frequency signals to a nearby receiver.

Animalsare implanted with a transmitter (shipped sterile and ready for implantation) that
sends data to the acquisition system. DSI transmitters and receivers are available in a variety of
models, allowing optimal performance for various animal models (from mice to large animals as
dogs and primates) and cage types.

DSI also provides external telemetry, for the monitoring of ECG, Temperature,
Respiration, Blood Pressure and Activity in large animals in group-housing conditions.
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DSI Telemetry Advantages

For Management For Researchers

e Increases efficiency of research. e Animal Handling is minimized

e Telemetry is among the most humane means of e Stress-induced artifact is significantly reduced
monitoring animals. e Measurements are free from the effects of anesthesia

e Speeds up experimental throughput. e Allows animals to be chronically instrumented and used

sequentially as their own control or in several studies.
Exit site infections are eliminated
Data obtained by telemetry contain no cables or
commutator artifact such as in thether systems
e Monitor blood pressure, ECG, EEG, temperature and more
e EEG, EMG and SleepSign software enables sleep studies

e Combines quality and efficiency.
e Reduces experimental lead time, animals and costs.
e GLP-compliance (21CFR/Part 11).

Integration of LABORAS and DSITelemetry(Behavior and Physiology)

Metris co-operates with several alliance partners towork towards a ‘total solution’ in
automated behavior analysis, which will help to gain most out of a singleexperiment. Therefore
high priority is given to development of integrated methods.

The integration of LABORAS and the DSITelemetry system enables the researcher to
obtainthe accurate behavior analysis provided byLABORAS in combination with precise ECG,
EEG, EMG,temperature and blood pressure data of the Data Sciences telemetryimplants, all in
one experiment.

The parallel data acquisition greatly enhances theefficiency and quality of animal
experiments. Italso reduces the number of experiments and it saves animals,time and money and
makes efficient use ofequipment compared with serial testing. It eliminatesexternal variation and
thereby enhances the power ofexperiments. It helps to establish causal relationships in datasets
by direct time-matched coupling ofseveral parameters — from different biological systems— in
one single animal.

This leads to a betterinterpretation of biological processes than usingseparate data.

Integrated LABORAS + DSI Telemetry Advantages

For Management For Researchers
e Increases efficiency of research; e Better understanding of biological processes;
— increases the information from a single animal; — establishing causal relationships (between behavior
— reduces the number of separate or serial and physiology).
experiments; e New insights in area of phenotyping transgenic animals;
— increases overall research capacity (throughput); — measures more independent parameters;
— Saves animals, time and money. — measures various biological systems simultaneously
e Efficient use of equipment; such as Cardiovascular (CV) and Central Nervous
— replaces several dedicated systems; System (CNS)
— flexible extension options; e Increased quality of data by simultaneous testing;
— software of both systems runs on one PC at the same — parameters like activity (DSI) and locomotion
time; and (LABORAS) can be used to check data quality by
— no hardware changes to existing systems. cross checking the data of both systems.
e Next step towards integration with more systems. e LABORAS immobility parameter and DSI EEG allows

sleep studies without the need of EMG.

Future of in-vivo research

Ultimately in-vivo research will move to simultaneous multi-modal measurements
enabling high throughput screens for animal behavior, position tracking, physiology, sleepstages
and vocalizations in a single experiment.

For literature references, please refer to:
www.metris.nl/en/products/laboras/laboras publications
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