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With application of modern technique of computerized electroencephalography comparative data
of spectral-frequency analysis of baseline electroencephalography of the long-livers having high in-
dexes of longevity and living in southern part of Azerbaijan — in Lenkoran (most of the areas are
plains) and Lerik (mountainous) regions — are presented in the article. The undertaken electrophy-
siological studies revealed resembling and different features in the electroencephalogram (EEG) of
the long-livers’ populations within the different geographic areas of Azerbaijan. On the basis of
comparative analysis of the recordings of baseline EEG of the long-livers of both regions one can
reveal protective and inhibitory effects of the sub-cortical structures on the activity of the cortex
(coming from prevalence of the indexes of delta- and theta-rhythms) accompanied with their low
activities. However, in the long-livers of the Lerik region, in contrast to the long-livers of the Len-
koran region, compensatory upregulation of the activating effect of the mesencephalic reticular for-
mation to the brain cortex was noticed. Along with the general properties of EEG, the differences in
EEG patterns indicate different directions of the activation of the brain compensatory mechanisms,
which gives grounds to put forward the conjecture saying that in relation to age-related changes,
reorganization of neurons’ communications in the central nervous system and support of high level
of the brain activity in the long-livers require engagement of much more internal resources.

Keywords: Long-livers, electroencephalogram, spectral analysis, spectral power, index, brain functional
state.

main functional states: quietness, alertness, sleep,
high scale activity (Polunina, 2012). One of the
main approaches of the studies of the aging-rela-
ted changes is formation of a map of baseline bi-
oelectric activity of the brain. Baseline state of

INTRODUCTION

Studies of the long-livers are one of the most
actual problems of medical and biological rese-

arch. The long-livers themselves present convin-
cing illustration of physiological aging and unra-
velling its mechanisms presents evidences of di-
rect relations of its processes to the changes oc-
curring in the brain and central nervous system
(CNS) (Gomazkov, 2012).
Electroencephalographic method, being used
in the studies of the brain activity, its age-related
changes, at present time is not just the method of
analysis of the brain functional state in the clinical
practice, but as well is the widely used technique
for conducting research in the field of fundamen-
tal neurosciences (Kambarova et al., 2010). Bioe-
lectric activity of the brain is closely related to the
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electroencephalogram (closed eyes, quiet awake
state) differs with its relative stable parameters
(McEvoy et al., 2001) and reflects preparedness to
the brain’s following activity (Klimesch et al.,
2006; Razoumnikova, 2003; Volf et al., 2010).
Basing on the brain-specific “language” of
bioelectric activity, comparative analysis of the
age-related dynamics of functional state of CNS
makes it possible to determine aging rates of the
brain depending on its adherence to different na-
tional-ethnic peculiarities. Particularly, according
to the results of comparative electrophysiological
studies conducted among the populations of Uk-
raine, Abkhazia and Azerbaijan (Kuznetsova,
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2008), the changes noticed in the EEG structures
in Ukrainians, are more intensive than those in
Abkhazians and Azerbaijanians. Meanwhile, the
age-related changes of bioelectric activity in
Azerbaijanians are higher relatively to Abkhazi-
ans. Having been the country characterized with
high level of long-living, in several regions of
Azerbaijan high level of the long-living index is
observed among the local people that is termed as
the group-like or population phenomenon (Koz-
lov, 1982). One of the zones with high long-living
index is the southern zone located at the bottom of
the Talysh Mountains. The main objective of the
research is comparative study of the EEG structu-
re reflecting the functional state of CNS of the
long-livers living in southern zone of Azerbaijan,
in Lenkoran (most of the areas are plains), and in
Lerik (mountainous) possessing high levels of
long-living index.

MATERIALS AND METHODS

The study comprised 36 actually healthy
long-livers (at the age of over 90 years old), born
and still living in Lerik (19 persons) and Lenkoran
(17 persons) regions of Aerbaijan. The persons
having in their disease history unconscious states,
dreaming and head-brain injuries were excluded
from consideration.

The EEG was fixed in 16 standard points
unipolar on International System “10-20%”
(Fpl/Fp2, F3/F4, C3/C4, P3/P4, 01/02, F7IF8,
T3/T4, T5/T6) with application of computer
complex (Kulaichev,2007) “Neuron-Spectre-5”
(Russia, 2012) under constant time 0.3 sec. The
lane of filtration made 0.5-35 Hz. The frequency
of digitalization made 200 Hz. Ipsilateral ear
electrode was used as a reference electrode. Re-
gistration was undertaken under conditions of re-
laxed awakeness with closed eyes which is cha-
racterized with definite organization of EEG
(Marx et al., 2004; Polunina, 2012). Computer
processing of EEG was done with application of
system analysis on the program of “Neuron-
Spectre-Net” (Russia, 2012). Epoch of analysis
made 6 sec. Each time 10 artefact-free EEG
epochs, registered under baseline state, were
analysed. For each outlet point with application of
Fourier’s quick transformation spectral power,

frequency, EEG index for frequency ranges: delta
(0.5-4 Hz), theta (4-7 Hz), alpha (8-13 Hz, beta-
low-frequency (beta-1; 14-17 Hz), beta-high-fre-
quency (beta-2; 20-35 Hz) were calculated.

To analysing the data the standard statistic
sets of “Microsoft Excel-2007” were applied. The
validity of differences in the studied groups was
determined with application of the method of U-
Wilkokson-Mann-Whitney criterion with defining
prominence of inter-group differences. The criti-
cal level of validity was accepted as 5% (p<0.05).

RESULTS AND DISCUSSION

During conducting studies the brain bioelect-
ric activity in the relatively quiet status was regis-
tered in the long-livers staying in Lenkoran and
Lerik regions of Azerbaijan. Relative quietness
status provides preparedness to active functioning
of the brain and this is one of the important field
of studies of the experimental neurophysiology
(Razoumnikova, 2003; Volf et al., 2011).

On the basis of spectral analysis with compu-
ter program of EEG, being an index of the brain
functional activity of the long-livers of Lenkoran
and Lerik regions of Azerbaijan, comparative
analysis of such basic parameters as spectral po-
wer (uV?), index (%) and frequency range (Hz)
gave an opportunity of getting novel data.

Analysis of spectral power of EEG (Fig.1)
shows that in the long-livers living in both studied
regions, averaged spectral power of delta-rhythm
composed of low-frequency waves demonstrates
dominance in the studied brain cortex areas. The
highest values of delta-rhythm (25-30 pV?) were
observed in the area of Fpi/Fp.. Spectral power of
another low-frequency rhythm — theta-rhythm —
revealed dominance in the brain areas of Fp./Fp2,
F3/Fa, C3/Ca, P3/P4of the long-livers of both regi-
ons.

Analysis of spectral power of high-frequency
rhythms (alpha, beta 1 and beta 2) showed certain
differences in the data. Averaged spectral power
of alpha-rhythm in the brain parietal (P3/P4) and
central (Co/C4) cortex is high (3.6-4.8 uV?) relati-
vely to the values of the occipital cortex (01/0,)
in the long-livers of both regions. However, ave-
rage spectral power of alfa-rhythm in the area of
Cs/C4 of the long-livers living in Lenkoran region
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is significantly higher (p<0.05) in compaison to
the long-livers of Lerik region. Software program
“Neuron-Spector.Net” presents an opportunity to
analyze separately low-frequency beta 1 (14-19
Hz) and high-frequency beta 2 (20-35 Hz)
rhythms of considered to be high-frequency beta
rhythm. On the basis of this analysis differing re-
sults were obtained. Particularly, statistic analysis
showed that averaged spectral power of betal
rhythm in the brain cortical areas of Fpi/Fpz, Ca,
Ps/ P4, O1,Ts/Tg of the long-livers living in Lenko-
ran region was significant lower in comparison to
the long-livers living in Lerik region (p<0.05). Si-
milarly, spectral power of high-frequency beta 2
rhythm in all the studied brain cortex areas in ex-
ception of Cz and Ts areas in the long-livers of
Lenkoran region was significantly lower relati-
vely to the long-livers of Lerik region. High deg-
ree of statistic validity was observed in the brain
frontal (Fpi/Fp2, Fs/Fas; p<0.001), parietal (Ps/Pa;
p<0.001) and posterior temporal (Ts/Te; p<0.001)
cortical areas.

While conducting comparative analysis of a
mean index (Fig. 2), one of the main parametric
indexes of EEG, the prevalence of delta rhythm of
the studied cortical areas of the brain of the long-
livers, living in both regions, over the other
rhythms was revealed. The mean index of this
rhythm had the highest values (59-62%) in the an-
terior frontal (Fpi/Fp.) area. The mean index of
theta rhythm of the studied cortical areas of the
brain of the long-livers of both regions as well do-
minated over other rhythms and he highest values
(22-24%) were noticed in the central (Cs/C,) and
parietal (Ps/P.) areas. Statistical analysis of mean
indexes of high frequency alpha, beta 1 and beta 2
rhythms of the long-livers living in Lenkoran re-
gion revealed different data relatively to the long-
livers living in Lerik region. Particularly, in the
long-livers of Lenkoran region in comparison to
the long-livers of Lerik region mean indexes of
alpha-rhythm in the left frontal (Fs), central
(Cs/Cy) and left middle temporal (T3) areas are
significantly high (p<0.05). Conversely, mean in-
dex of beta 1-rhythm in the right parietal area
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(P4), left and right frontal portion of temporal area
(F+/Fs) and left rear temporal area (Ts) of the brain
of the long-livers living in Lenkoran region are
significantly lower (p<0.05), than in the long-li-
vers of Lerik region. This difference is as well ob-
served in the values of mean index of beta 2
rhythm. Mean index of beta 2 rhythm of the long-
livers of Lenkoran region in parietal (P4), occipital
(04/02) and temporal (F7/Fs, Ta/Tsand Ts/Te) are-
as of the brain cortex are significantly lower, than
in the long-livers of Lerik region. The highest dif-
ference (p<0.01) is observed in the frontal porti-
ons of temporal area (F7/Fs).

As it issues from the results, the values of
mean index of alpha rhythm significantly domina-
ted in the certain cortical areas of the brain of the
long-livers of Lenkoran region. Though low valu-
es of this index in the long-livers of Lerik region,
it is accompanied with compensatory upregulation
of mean index of beta rhythm.

Basing on statistical analysis of averaged fre-
quencies, though variations of averaged frequency
within range of 0.97-1.5 Hz of delta rhythm in the
studied cortical areas of the brain of the long-li-
vers living in both regions, significant differences
were not revealed. However, in the long-livers of
both regions averaged frequencies of delta rhythm
of Fpi/Fp, and O, areas were relatively low
(p>0.05). The frequency of theta rhythm was high
in the long-livers of Lenkoran region and made
6.15-6.63 Hz, while in the long-livers of Lerik re-
gion it made 5.76-6.28 Hz. However, these chan-
ges were not significant. The frequency of alpha
rhythm in the long-livers of both regions was ob-
served in the range of 9.33-9.68 Hz.Though the
averaged frequency of beta 1 rhythm in different
cortical areas in the long-livers of both regions
was observed within the range of 16.07-16.64 Hz,
prominent differences were not revealed. The
analysis of beta 2 rhythm showed certain differen-
ces. Basing on the analysis of averaged frequency
of beta 2 rhythm in the frontal (Fpi, F3), parietal
(Ps) and temporal (F7, Ts) areas of the brain cor-
tex, significant (p<0.05) downregulation of its le-
vel was noticed.
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Fig. 1. Background EEG power spectrum from Lerik (A) and Lankaran (B) long-livers.

The horizontal axis represents the labeles of 16 channels, the vertical axis shows power spectrum density

(uV3). * - p<0.05, **p< 0.01, ***p< 0.001
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Fig.2. Background EEG rhythm indexes in Lerik (A) and Lankaran (B) long-livers.
The horizontal axis shows acronyms of 16 channels, the vertical axis displays
rhythms indexes (%). * - p<0.05, **p< 0.01
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As it is seen from the results, EEG analysis
of the long-livers, living in Lenkoran and Lerik
regions, revealed both similar and distinct featu-
res. EEG, being an epoch of neuronal constellati-
ons, reflects their changing activity. Due to spect-
ral power of EEG, one can put forward an idea of
composition of this epoch. The results of spectral
analysis of EEG showed dominance of spectral
power and index of slow rhythms (delta and theta
rhythms) over other rhythms of the long-livers li-
ving in Lenkoran and Lerik regions. In the most
of publications concerning age-related changes of
slow rhythms (delta and theta rhythms), upregula-
tion of their power, while in the least of cases age-
related changes (Blalock et al., 2003; Carlson et
al., 2004; Van Cott, 2002) were observed during
aging. In total spectral power of EEG, upregulati-
on of relative part of delta rhythm is related to
downregulation of the brain functional activity
(Deryabina, 2016), while downregulation of fre-
guency of the frontal and occipital cortical areas
of the brain relatively to the other areas of the bra-
in cortex is related to downregulation of activa-
ting effects of the sub-cortical system which defi-
nes the frequency characteristics of slow waves
(Moretti et al., 2012). In the publication concer-
ning studies of peculiarities of regional distributi-
on of alpha rhythm (Volf et al., 2011), one of the
high frequency rhythms (alpha, beta 1 and beta 2),
decline of power of alpha rhythm towards rear
portions of brain hemispheres in baseline EEG of
the long-livers is explained in terms of more ef-
fective functionalization of the brain structures. It
is known that rear portions of the brain are enga-
ged in storage of short-term memory and analysis
of vision-surrounding images (Klimesch et al.,
2006). There are evidences in the literature con-
cerning age-related stability and decline (Liddell
et al., 2007) of beta activity. However, the most of
publications notice upregulation of high frequ-
ency activity (beta rhythm) during normal aging
(Volf et al., 2011; Vysata et al., 2012; Zenkov,
2010). There are publications showing positive
correlation between upregulation of high frequ-
ency waves (beta rhythm) and effectivity of cog-
nitive functions during aging (Volf et al., 2011).
Downregulation of power of beta rhythm in the
people having primary manifestations of dementia
and in the people with psychic impairments (Lid-
dell et al., 2007) supports this idea. The results of

our studies showed that in the long-livers living in
Lerik region in comparison to the long-livers of
Lenkoran region on the background of downregu-
lation of alpha rhythm, compensatory upregulati-
on of spectral power and index of beta rhythm in-
dicates to decline of the activity of thalamo-corti-
cal synchronizational system and prevailing of the
activating effects of the mesencephalic reticular
formation onto the brain cortex (Gordeev, 2007;
Zenkov, 2010). During aging effectivity of brain
activity is defined by 2 processes: the level of age-
related brain degradation and launching of the
compensatory mechanisms (Volf et al., 2011). It
should be noted that brain responds to age-related
changes through “compensatory support”. Studies
conducted on the animals, show that adaptation
potential of the brain to the age-related changes
occurs on account of neurogenesis and changes of
synaptic plasticity. These processes are realized
through proliferation and differentiation of pre-
cursor cells and thereafter redistribution of these
nervous cells within the brain structures (Kemper-
mann et al., 2002). The results obtained from the
long-livers living in Lerik region showing preva-
lence of beta activity in frontal and temporal corti-
cal areas of the brain during aging are consistent
with the idea of the physiological changes of EEG
and upregulation of compensatory activities in
these structures.

So, the results of the conducted electrophy-
siological studies indicate to various changes in
EEG and to mobilization of compensatory mecha-
nisms of the brain in different directions in the
long-livers, living in different geographic regions
of Azerbaijan. Along with age-related develop-
ment of the involutional changes, these data ref-
lect launching the adaptive-compensatory proces-
ses.

CONCLUSIONS

1. Prevalence of indexes of slow rhythms
(delta and theta rhythms) in the baseline EEG of
the long-livers living in Lenkoran and Lerik regi-
ons, indicates to development of protective inhibi-
tion and low functional activity of the brain which
are related to strengthening of the synchronizing
effects of the thalamo-cortical system and decline
of the activating effects of the sub-cortical system.
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2. Comparative analysis of baseline EEG of
the long-livers showed that in the long-livers li-
ving in Lerik region, in contrast to the long-livers
of Lenkoran region, on the background of decline
of alpha rhythm, compensatory upregulation of
the spectral power and spectral index of beta
rhythm indicates to compensatory strengthening
of the activating effects of the mesencephalic reti-
cular formation on the brain cortex.

3. The obtained results of electrophysiologi-
cal studies show that along with general features,
presence of differences in EEG of the long-livers,
living in different long-livers populations in diffe-
rent geographic regions of Azerbaijan, indicates
to launching of the compensatory mechanisms of
the brain in different directions. This give grounds
to putting forward an idea that reorganization of
the neuronal networks of the central nervous
system and supporting active functioning of the
brain of the long-livers, subjected to age-related
physiological changes, require engagement of
much more internal resources.
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Azdrbaycanin miixtalif rayonlarinda yasayan uzunomiirliilords bas beynin
bioelektrik foalhgimin miiqayisali xarakteristikasi

Y.O. Bayramova, U.F. Hasimova
AMEA-nn Akademik Abdulla Qarayev adina Fiziologiya Institutu

Maqalado miiasir kompiiter elektroensefalografiyast metodundan istifads etmoklo Azorbaycanin conub
zonasinin uzunomiirliiliik indeksi yiiksok olan Lonkeran (erazisi asason diizenlik) vo Lerik (dagliq) ra-
yonlarinda yagayan uzunomiirliilorde fon elektroensefaloqgrammanin spektral-tezlik analizinin miiqayisali
noticalori verilmisdir. Aparilmis elektofizioloji tadqiqat isi Azerbaycanin miixtslif cografi orazilorindoki
uzundmiirlii populyasiyalarinda uzunomiirliilorin elektroensefalogrammasinda (EEQ) oxsar va forgli xii-
susiyyatlarin oldugunu gostorir. Uzunémiirliilarin fon EEQ-nin miiqayisali analizi asasinda har iki rayon
uzundmiirliilerinds bas beynin funksional voziyystinin gabiqalt1 strukturlarin qabigin foalligina tormozla-
yici (delta- va teta-ritmlorin gostaricilorinin dominantligi zominindo) tosiri ilo miisayiot olunan asag: foal-
liqla xarakterizs edildiyi, ancaq Lerik rayonunda yasayan uzundmiirliilorde Lonkoran uzundmiirliilorindon
forqli olaraq mezensefal retikulyar formasiyanin bas-beyin qabigina aktivlagdirici tasirinin kompensator
yiiksalmasi miisyyanlosdirilmisdir. Uzundmiirliilorin EEQ-ds timumi coahatlorle yanasi forgliliyin olmasi
beynin kompensator mexanizmlarinin faallagmasinin miixtalif istigamatini gdstarir ki, bu da uzunémiirlii-
lards fizioloji yas doyisikliyina moruz galan morkozi sinir sisteminin neyron sobokasinin yenidon togkili
va beynin aktiv faaliyystini tomin etmok {igiin daha ¢ox resursun iso calb edilmosi haqqindaki forziyyeni
irali siirmays imkan verir.

Acar sozlar: Uzunomiirliilor, elektroensefalogramma, spektral analiz, spektral giic, indeks, bas beynin
funksional vaziyyati
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CpaBHUTeIbHAS] XapaKTePUCTHKA 0M03/JIEKTPUYECKOH AKTHBHOCTH F0JIOBHOTO MO3ra 'y
JIOJITOKUTEJIeH, MPOKUBAIIIUX B Pa3IMYHBIX paiioHax A3epOaiigkana

E.O. BaiipamoBa, ¥Y.®. 'amumoBa
Hncmumym ¢huzuonoeuu umenu axademuxa Aooyanet I apaesa HAH Aszepbaiioxcana

B crarpe mpezncraBieHBl CpaBHHUTEIbHBIE PE3yIBTATHl CIEKTPAIFHO-YACTOTHOTO aHamm3a (HOHOBBIX
3EeKTpOodHIIE(haTorpaMmM, IMOIYIEHHBIX METOJOM COBPEMEHHOH KOMITBIOTEPHOH 3JeKTpodHIedanorpa-
¢um y pomroxwureneil JIeHKOpaHCKOTro (B OCHOBHOM paBHMHHOIO) M Jlepukckoro (ropHoro) pailoHOB
IOKHOW 30HBI A3zepOaiikaHa, XapaKTepPHU3YIOIIUXCA BBICOKMM HHIIEKCOM JOJTOJETHS. DIeKTpodu-
3WOJIOTHYECKOE MCCIIEOBAHNE TIOKA3aJI0 CXOXKHE M OTIMIUTENbHBIE ocobeHHoCcTH B DI KOpBI Mo3ra y
JOJTOXKUTEIeH B MOMYJSLIUAX Pa3iHyHBIX TeorpaduuecKux paioHoB AszepOaiimkaHa. CpaBHUTEIBHBIH
aHanmu3 QoHoBoro I3 y monroxkwuteneii 000MX pPaliOHOB BBISBHI HHU3KYIO aKTHBHOCTH (DyHKIHO-
HAJBHOTO COCTOSHUSI TOJIOBHOTO MO3Ta, COMPOBOXKIAIOUIYIOCS TOPMO3SIIUM BIMSHUEM IMOJKOPKOBBIX
CTPYKTYp Ha aKTHBHOCTh KOpBHl. TeM He MeHee, MOKa3aHO, YTO 10 CPAaBHEHHIO C JOJTOXHUTEISIMH
Jlenkopanckoro paiiona, B D30I Mo3sra gonroxureneii JIepukckoro paiioHa nmpeodiagaeT akTUBUPYIOIIEe
BIIHMSIHHE Me3eHIe(albHOW PETUKYISIPHON opMaluy Ha KOPY TOJIOBHOTO MO3Ta, YTO MOYKHO OOBSICHHUTH
pa3iIryueM YpOBHS aKTUBHOCTH KOMIIEHCATOPHBIX MEXaHW3MOB MO3ra y HM3Y4aeMbIX JOJTOXHUTENei
o0oux paiioHoB. [IpennonaraeTcs, 4To NOJIyYCHHbIC (U3NUOJOTHUYCCKHE U3MeHeHus B DO Mo3ra MOryT
OBITh CBSI3aHBl C peEOpraHM3alueil HEWPOHHOH CeTH C NPHUBJICYCHHEM OONBIIMX PECYypCcOB IS
oOecrieveHust akTHBHON JIeATEIHHOCTH MO3Ta.

Knrwouesnie cnosa: Jloncosxcument, 31eKmposHyedhaiocpamma, CReKmpaibHulll AHAIU3, CREeKIMPATbHAsL
MOWHOCMb, UHOEKC, (DYHKYUOHATbHOE COCIMOSAHUE MO32d
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