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Multidirectional and stable changes in phase shifts and cross-
correlation coefficients of the cortical and subcortical stress rhythms
occur under conditions of repeated irregular photostimulation,
especially in the initial periods. Thus, cross-correlation functional
connections, characterized by changes in the spatio-temporal
relationships of the brain structures (posterior nuclei of the
hypothalamus, reticular formation, and visual projection zones of the
cerebral cortex), can be one of the indicators of the formation of stress.
By using the parameters mentioned above, we can solve many issues
related to the central mechanisms of stress. Our results show that
functional connections between the cortical projection area and
subcortical structures decrease under stress conditions, while
connections between subcortical structures increase. We furthermore
found that these EEG changes correlated with autonomic reactions in
animals. Thus, these changes may lie based on central mechanisms of
stress, and the results of changes in the EEG activity of the cerebral
cortex and the cross-correlation parameters in the posterior nuclei of
the hypothalamus and the reticular formation may allow preventive
measures to be taken to affect these structures to reduce emotional
stress.
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INTRODUCTION

increased the level of emotional stress [6]. Of
particular interest are long-term negative

Among the current problems of modern
medicine and neurophysiology is the study of
the central mechanisms of negative emotions,
the level of which increases from year to year
[1, 4, 5]. In recent years, the most common
stress factors such as urbanization, scientific and
technological progress, increased pace of life,
and information overload have been joined by
the recent pandemic, which has further
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emotions, the accumulation of which can lead to
the development of neurotic conditions, and
cardiovascular diseases, which are the most
dangerous for the body [8]. In recent years,
many studies have been conducted to assess
stress and its effect on the body [3]. Most
research on stress and emotional states uses
peripheral signals such as respiratory rate, pulse,
pressure, etc. [7, 9]. Many researchers have


https://ajp.az/

Jafarova A.M., Mammadov A.M., Gaziyev A.G., Eyvazova Sh.R.

studied EEG and peripheral signals separately,
but so far little attention has been paid to the
correlation of these indicators [2]. So far, issues
related to the central mechanisms of stress and
their correlation with autonomic functions have
not been fully investigated. The research
methodology we have chosen (EEG cross-
correlation analysis) is more advanced since,
unlike conventional EEG analysis, it provides
detailed information about the connections
between brain structures in a spatio-temporal
assessment.

Purpose: Study of changes in the EEG
potentials of the brain's cortex and subcortical
structures  based on  cross-correlation
coefficients and phase shifts in emotionally
stressful conditions.

MATERIALS AND METHODS

Experiments were carried out in
compliance with the principles of the “European
Convention” for the protection of vertebrate
animals that are used for experimental and
scientific purposes (Strasbourg 1986) and the
resolution of the 1% National Congress on
Bioethics (Kyiv 2001). Experiments were
conducted on 6 immobilized rabbits with
chronically implanted electrodes using the
stereotaxic atlas of coordinates A.P. - 2.5 mm, L
- 1.5 mm, H - 11.8 mm for the posterior nuclei
of the hypothalamus, and A.P.-9mm, L -2 mm,
H - 7 mm for the reticular formation.
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Photostimulations with an 8 Hz frequency and
10-30 ms duration were used. The intervals
between the stimuli were irregular in order to
create an emotionally stressful condition. The
EEG was recorded on an NS-Neurosoft
multichannel electroencephalograph and then
analyzed on a computer using the automated
statistical processing software Neuro-Stat.
Cross-correlation analysis was conducted in 4
periods: background—before stimuli, at the
time of stimuli, in the intervals between them,
and after stimuli.

RESULTS AND DISCUSSION

Correlation  analysis  software  was
performed on 20-second sections of the EEG
recording for each analysis. Animals remained
continuously tensed wunder conditions of
irregular photostimulation with respect to time.
The first (2-10) flashes of light were
accompanied by emotional stress, which was
confirmed by changes in autonomic indicators:
the pulse rate increased in  the
electrocardiogram. The animals were anxious
both during the stimuli and during the intervals
between them because, under these conditions,
it was not possible to foresee the moment of
application of the stimuli. Data obtained before
exposure to photostimulation showed that the
slow waves of EEG potentials in the visual
cortex and posterior hypothalamus were mainly
synphasic with a phase shift of 2-5 ms.
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Figure 1. The cross-correlogram obtained after computer analysis of EEG waves in a background.
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The connections between the posterior
hypothalamus (F3) and the reticular formation
(Fpl) were weak: the cross-correlation
coefficient was 0.52, and the phase shift was 33
ms. Functional relationships between the
hypothalamus (F3) and the visual cortex (O1,
02) determined by the cross-correlation
coefficient were on average between 0,8-0,9
(Figure 1, Table 1).

Table 1. The cross-correlation coefficient data
obtained in a background.

Pair | Frequency Lag Cross-
(Hz) (ms) |correlation
coefficient
FplF3 16.9 33 0.52
O1Fp1 16.3 3 0.92
O2Fp1 18.8 5 0.80
O1F3 21.4 33 0.52
O2F3 21.3 3 0.92

Against this background, the irregular use
of photostimulation was accompanied by
emotional stress, which caused an increase in
phase shifts between the posterior nuclei of the
hypothalamus and the visual projection zone,
disrupting the synphase between the structures.
The delay between the posterior hypothalamus
(F3) and the visual cortex (01, O2) was

Average frequency, Hz Correlation coefficient

B -
Ig Lag, ms I1
w

I -390 Instant

increased, and the delayed structure was the
visual cortex with a phase shift of -390 ms. The
cross-correlation coefficient decreased from an
average of 0,92 to 0,65. On the contrary, the
connections between the posterior
hypothalamus (F3) and the reticular formation
(Fpl) determined by the cross-correlation
coefficient were between 0.95-0.99, and the
phase shift was reduced to a minimum of 5 ms.
In rabbits, these changes were observed
throughout the experiment, especially in the
initial periods of the orientation-exploratory
response (Figure 2, Table 2). (All data were
analyzed in the ANOVA Statistical Software
using the Mann-Whitney test; the processing
results are presented in Fig. 3).

Table 2. The cross-correlation coefficient data
obtained immediately after the stimuli.

Pair | Frequency | Lag Cross-
(Hz) (ms) | correlation
coefficient
FplF3 4 5 0.95
O1F3 0 15 0.67
O2F3 13.9 10 0.65
O1Fpl 10.5 5 0.95
O2Fpl 21.3 15 0.67
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Figure 2. The cross-correlogram obtained immediately after the stimuli.
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Figure 3. Results of cross-correlation analysis of functional connections between various brain
structures under conditions of emotional stress (irregular photostimulation).
Note: A and C- cross-correlation coefficients; B and D - phase shifts.

CONCLUSION

Our results showed that during stressful
conditions, functional relationships between the
cortical projection zone and subcortical
structures  consistently decrease, whereas
relations between the subcortical structures
increase. We furthermore found that these EEG
changes correlated with autonomic reactions in
animals.
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OYHKIIMOHAJIBHBIE CBA3U KOPbI MO3I'A C IOAKOPKOBBIMU CTPYKTYPAMMU B
IMOIINOHAJIBHO-CTPECCOBBIX YCJIIOBHUAX

Aiirron Mupaamer roizol Jzkadaposal, Apud Mamen orant Mamenos *, Apur I'ypoananu
orunl Iazuen?, lllaxia Paxuna rei3el DiiBazoBal

L Asepbaiioscancruii meouyunckuii ynugepcumem, Kageopa nopmanvroii gpusuonozuu, baxy,
A3zepbatioscan
2 Huemumym gusuonoauu um. axademuxa A60yanor Iapaesa, Munucmepcmeo HayKu u 06pazosamus
Asepbatiodcanckoii Pecnyonuxu, baky, Aszepbatiodcan

B ycioBUsX MOBTOPHBIX HEPEryJIApPHBIX (OTOCTUMYJIALUI, OCOOCHHO B HadajbHbIE MEPUOIBI,
MIPOMCXOJAT pa3sHOHANPABIEHHbIE M YCTOWYMBBIE HM3MEHEHMs (Da30BBIX CABMIOB M KO3((HUIMEHTOB
B3aUMHON KOppPESALMH KOPKOBOTO M IOJKOPKOBOIO CTPEccOBOro purMa. Takum oOpa3oM, Kpocc-
KOpPEIALUOHHbIE (YHKIMOHAIBHBIE CBS3M, XapaKTepU3YIOIIUECSs H3MEHEHHEM IPOCTPAaHCTBEHHO-
BPEMEHHBIX B3aMMOOTHOILICHUH aHATU3UPYEMBIX CTPYKTYp MO3ra, MOTYT OBITh OJHUM M3 HHAMKATOPOB
dopmupoBanus crpecca. C MOMOILIBIO YIOMSHYTBIX BBIIIE MapaMETPOB Mbl MOKEM DPELIMTh MHOTHE
BOIIPOCHI, CBSI3aHHBIE C LIEHTPAJIbHBIMA MEXaHU3MaMu cTpecca. Haim pe3ynbrarsl MOKa3bIBalOT, YTO B
YCIIOBHAX cTpecca (PyHKIIMOHAJIBbHbBIE CBA3U MEXKAY KOPKOBOM MPOEKIIMOHHON 30HON M MOJKOPKOBBIMU
CTPYKTypaMU CHMIKAIOTCS, TOTJIa KaK CBS3U MEKIY IMOJKOPKOBBIMU CTPYyKTypamu Bo3pacraroT. Kpome
TOrO, MBI OOHApPYXXWJIM, YTO 3TH HM3MeHeHHs DDl KOppeIHpyloT ¢ BEreTaTMBHBIMU PEAKIUSAMHU Y
KHMBOTHBIX. Takum 00pa3om, 3TH N3MEHEHHS MOTYT JIe)KaTh B OCHOBE LIEHTPAIBHOTO MEXaHU3Ma CTpecca,
a pe3ynbTaThl U3MEHEHHs DO -aKTUBHOCTH KOPBI TOJIOBHOI'O MO3ra M IapaMeTpOB KPOCC-KOPPESLIUU B
3aJHUX spax TuUnoTajamyca M pPETUKYJSIpHOM (¢opmMaluu MOTyT [O3BOJUTH IPOBOJIUTH
IpOoQUIAKTUYECKUE MEPOIIPUATHS HEOOXOUMBIE JUIsl CHUKEHHSI SMOLMOHAJIBHOTO HAMPSKEHHUSL.

KuaroueBbie ciaoBa: D3I, mpocTpaHCTBEHHO-BPEMEHHOW aHaiu3, AMOLIMOHAJIBHBIA CTpecc,
MaTeMaTHYeCKU aHaJIu3 MO3TOBBIX BOJIH, KPOCC-KOppesLus, (a3oBble CABHUTH.
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EMOSIONAL GORGIN VOZiYYOTLORDO BEYIN QABIGININ QABIQALTI
STRUKTURLARLA FUNKSIONAL OLAQOLORI

Aygiin Mirdamot quz1 Cafaroval, Arif Mommad oglu Mammadov!, Afig Qurbansli oglu Qaziyev ?,
Sohla Rahid quz1 Eyvazoval

L Azorbaycan Tibb Universiteti, Normal Fiziologiya Kafedrast, Baka, Azarbaycan
2 Akademik Abdulla Qarayev adina Fiziologiya Institutu, Azarbaycan Respublikasi Elm va Tahsil
Nazirliyi, Baki, Azarbaycan

Tokrarlanan geyri-miintozom fotostimulyasiya soraitinds, xiisusilo ilkin dovrlords, qabiq vo
qabigalti stress ritminin faza siirligmoalorinds vo kross-korrelyasiya omsallarinda ¢ox istigamatli vo sabit
doyisikliklor bas verir. Beloliklo, tohlil edilon beyin strukturlarinin mokan-zaman olagalorinds
doyisikliklorlo xarakterizo olunan kross-korrelyasiya funksional olagelori stressin formalagmasinin
gostaricilarindan biri ola bilor. Yuxarida geyd olunan parametrlordon istifads edarok, stressin morkazi
mexanizmlori ilo bagh bir ¢ox suallart hall eds bilarik. Naticalorimiz gostorir ki, stress soraitindo gabiq
proyeksiya sahasi ilo gabiqalti strukturlar arasinda funksional slagolor azalir, gabiqalti strukturlar
arasindaki isa olagolor giiclonir. Bundan olavs, biz EEQ doyisikliklorinin heyvanlarda avtonom
reaksiyalarla olagsli oldugunu askarladiq. Belalikla, bu doayisikliklor stressin morkazi mexanizminin
osasii togkil eda bilor vo beyin qabigmin EEQ aktivliyindoki doyisikliklorin naticalori, eloca do
hipotalamusun arxa niivalori ilo retikulyar formasiyanin kross-korrelyasiya parametrlori emosional
gorginliyi azaltmagq tiglin zaruri olan profilaktik tadbirlorin hoyata kegirilmasina imkan vera bilor.

Acar sozlar: EEG, mokan-zaman analizi, emosional stress, beyin dalgalarinin riyazi tohlili, kross-
korrelyasiya, faza stirismoalori
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