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PECULIARITIES OF INFORMATION TRANSFER
WITHIN FUNCTIONAL CORTICAL NETWORKS DURING EMOTIONAL FACE PERCEPTION

Aim: The research aimed to study and model the emotion-related activity of functional networks within the human brain cortex
using power spectrum density and detrended phase transfer entropy methods. Attention was focused on revealing alterations in
cognitive mechanisms, caused by presentation of neutral human faces as rare stimuli among faces with either negative or positive
expression. Methods: EEG-data was recorded during the perception and processing of neutral human facial expressions, presented
among positive and negative faces in two series of images, alongside with resting state with open and closed eyes, which was
further analyzed using power spectrum density and detrended phase transfer entropy methods. Results: Specific EEG-bands
(6 and B) were chosen for the analysis based on their prominent role in memory- and emotion-related mechanisms. The topography
of the spectral power density corresponded to the generally accepted ideas describing perception and visual stimuli processing
mechanisms. The phase transfer entropy method was not sufficient to analyze resting state data. The results of the analysis
performed using the phase transfer entropy method revealed the problems of neutral faces differentiation when presented in a
positive emotional context. Simultaneously, enhanced processes of motivational coding and self-reflection were observed during
the presentation of neutral faces in a negative emotional context. These results corresponded with the data obtained in our previous
ERP-based study. Conclusions: Phase transfer entropy and spectral power density have demonstrated their effectiveness in
analyzing the mechanisms of emotional visual stimuli processing mediated in different cortical areas.
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Introduction. Human facial expressions are complex
multi-dimensional visual stimuli, which provide the brain with
a wide range of characteristics to process. The current study
focused on the activity in  and 8 bands of EEG data, as
6- and B- band oscillations directly reflect such cognitive
processes as retrieval and actualization of memory [1],
emotional excitement and other consciousness-driven
processes [2]. Thus, changes in power spectrum density in
these bands were measured, and effective connectivity was
modeled using phase transfer entropy (phase TE).

There is a hypothesis that the brain has an internal
model of the external world, which functions under Bayesian
system principles while processing sensory input so that
experience-modified response is elicited [3]. In our
previously conducted ERP study, we have revealed that the
stimuli' valence, which creates the emotional context for the
target neutral expressions, affects perception. This effect is
signified in the increase of attention level and memory
processes [4]. To reveal and quantify "causal" or directional
inter-areal phase-phase interactions during emotion
perception, a new information theory-based approach of
phase transfer entropy (phase TE) was used, as phase
synchronization of neuronal-based oscillations has been
suggested to determine the coordination and integration of
anatomically distributed information processing [5].

Phase synchronization and amplitude correlations are
functionally independent phenomena [6] and reveal different
neural network functioning aspects. Besides, the importance
of phase-derived information in neuronal processes is
highlighted by studies showing that phase-based grouping
can encode more information than the amplitude-based one
in both visual and auditory [7] processing. This marks the
oscillatory phase as a reflection of neuronal synchronization
and a robust information transmitter between neural
ensembles. The phase-derived information flow from one
cortical region to another cannot be estimated using phase
synchrony metrics [8], which, by their nature, are not able to
reveal spatial orientation.

Phase transfer entropy (phase TE) [9] is a
reformulation of the Wiener principle within the framework
of information theory (IT) [10]. Like Granger's causality, TE
assesses whether the past of the original and target time
series affects predicting the target time series's future.

Contrariwise, phase TE compares conditional probabilities
using the Kulbak-Leibler divergence. If signal X triggers the
signal Y, then the probability density of the future Y, due to
its past, must be different from the probability density of the
future Y due to the past of both X and Y. Besides, unlike
Granger's causality (and dynamic causal modeling), the
phase TE is model-free as it does not carry any
assumptions about the signal structure.

Phase TE can be a good indicator for analyzing phase-
based connections and detecting directional interactions in
broadband MEG / EEG sensor and source signals.
However, the calculation of phase TE for individual tests
requires a large amount of continuous data, which can be
problematic in the case of a temporary task-related
connection. The method can also be used for continuous
data analysis with the help of several techniques of state
space reconstruction.

This research aimed to study and model the effect of
positive and negative faces on the perception and
processing of target neutral faces. To do so, we focused our
attention on determining the spectral power density and
establishing causal relationships within 8- and B-bands,
which play a unique role in human cognitive activity. Theta
oscillations generated in the limbic system are considered
the "emotional" band of the human brain. Thus, this activity
reflects the cognitive component of the emotional reaction
[11]. Besides, according to modern ideas, the increase of
B-activity in the anterior cortical areas can be assessed as a
marker of enhanced activation, accompanied by inner
attention and positive emotional experience [12]. Slow
B-oscillations are associated with memory-related processes
and awareness, while high-frequency 6-oscillations reflect
cognitive activity's emotional background. At the same time,
B-band today is mainly associated with various aspects of
brain function, from simple sensory responses (visual,
auditory, somatosensory, etc.) to higher cognitive functions
such as sensory memory, mechanisms of visual attention
regulation, movement, emotional states, and execution of
cognitive or creative tasks [13].

Materials and methods. Forty students of Taras
Shevchenko National University of Kyiv (21 females, aged
18-24, mean=21) were presented with two series of images,
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during which EEG was recorded. Data was also obtained
during resting state with both closed and open eyes. The
image demonstration procedure and recording of the
cerebral cortex's induced activity were performed using the
software and hardware complex "Neurocom" (KhAl Medica,
Kharkiv, Ukraine) according to a specially created template.
Electrodes were applied to the scalp following the
international "10-20%" system.

Stimuli were selected from the International Affective
Pictures System (IAPS) [14]. In the stimulation program,
positive (average values of emotional valence: M = 6.94,
SD = 1.42 to M = 8.03, SD = 1.13) and negative (average
values of emotional valence M =4.22, SD = 1.64 to M = 5.84,
SD = 1.62) emotional faces were chosen as frequent stimuli.
Rare stimuli included neutral emotional faces with valence
varied from M =4.22, SD = 1.64 to M = 5.84, SD = 1.62.

Emotional stimuli were shown in an arbitrary pattern in
which the likelihood of a rare stimulus (n=100) appearance
was 30%. and B bands were subdivided as follows:
0-1(4.1,58)Hz, 6-2 (5.9, 7.4) Hz, -1 (13, 19.9) Hz, -2
(20, 30) Hz. For the subbands selected, power spectrum
density analysis was conducted, which was then displayed
in the topographical maps of activation. PTE method was
applied to reveal the effective cortical neural networks
involved in stimuli processing.

Transfer entropy (TE) is an information-theoretical
measure that follows from the theory of information
exchange to estimate conditional transition probabilities
between two paired processes that develop over time.

The dPTE coefficient for the two cortical areas was
calculated as the sum of the values of the PTE coefficients
in both directions

PTExy
PTExy+PTEyx

The values of the dPTE criterion vary within [-0.5: 0.5].
The criterion was implemented based on the Brainstorm
software package.

In order to compare the phase transfer entropy method
to the existing methods of a quantitative assessment of
human brain activity during cognitive activation, the spectral
power density was calculated based on the fast Fourier
transformation. This characteristic is the de facto standard
measure of the strength of oscillation activity, which has
been widely used in the study of cortical activity. Each EEG
channel's spectral power density in each frequency band
during each trial was calculated using the Welch period
method [15]. The obtained values in the corresponding
frequency range were normalized relative to the maximum
value for emotional load and background, after which a map
of the topographic distribution of the corresponding values
was plotted on the scalp surface.

dPTE=

Results and discussion. The nature of the distribution
of power spectrum density during resting state with both
closed and open eyes can be described according to the

general framework of the human brain's functioning in the
absence of an urgent external task, brought out by the action
of so-called default neural networks. Namely: increased
power in 81 and 62 subbands in frontal (55.7 uV? / Hz and
54.6 uV2 / Hz, respectively), occipital (55.3 pV? / Hz with
eyes closed and 53.1 pV? / Hz with eyes open in 01,
54.8 uV? / Hz with eyes closed and 53.4 uV? / Hz with eyes
open in 62 eyes) and parieto-central areas (maximum
values up to 55.8 yV2 / Hz in 81 and 54.8 uV? / Hz in 62)
reflected the processes associated with memory, emotional
manifestations, passive scanning of information (Fig. 1).

At the same time, the resting-state oscillations in $-band
were characterized by a somewhat different topographic
distribution: increased power of [(1-oscillations was
concentrated in the occipital regions of the cortex during the
trial with closed eyes. However, eyes opening caused the
spread of generalized activation around the cortex, thus
covering not only occipital (up to 48.6 puV? / Hz) but also
parietal, central, and frontal areas of the cortex (maximum
values registered for frontal areas — 48.4 uV? / Hz), with
right-hemisphere lateralization in temporal regions (up to
48.5 pV2 / Hz in the temporal area of the right hemisphere).
As for the B2 frequency subband, the distribution of the
increased oscillatory power in the occipital (up to 44.3 pV2/Hz),
parietal (up to 43 uV?/ Hz), and frontal (up to 44.3 pV2/ Hz)
areas of the cortex during resting state with closed eyes
narrowed to the frontal regions (up to 44.1 puV? / Hz) after
opening the eyes (Fig. 1).

Therefore, the resulting picture can be explained using
existing literature data on these subbands' properties:
traditionally, B1-subband is associated with external
attention, cognition per se, while (2-oscillations are
considered to reflect internal awareness, maintaining the
status quo of brain activity. That is why topographic maps
obtained in different resting-state trials can be juxtaposed
with each other.

It is also worth noting that the obtained topographic
maps of activation-related changes in power generally
corresponded to the widely accepted visual stimuli
processing framework. Namely: high-power foci in the
prefrontal and fronto-central regions of the cortex in 81 (up
to 61 uV? / Hz), 62 (up to 62.7 uV? / Hz) and B2 (up to
50.7 pV? | Hz) subbands, were accompanied with high
values of oscillation power in the frontal, central, parietal and
right-hemisphere occipital regions (values ranged from
48.2 uV?/ Hz to 60 pV? / Hz) in B1-subband (Fig.1).

Concerning the results obtained by the detrended
phase transfer entropy analysis in the processing of
resting-state records with both closed and open eyes, it
should be noted that the values of dPTE in such conditions
were close to zero. This fact once again confirms the
hypothesis of this method's effectiveness for analyzing
only the states associated with cognitive activity. The
connections formed within functional neural networks are
shown in Fig.2 (dPTE=0.2).
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61 (4.1, 5.8) Hz

82 (5.9, 7.4) Hz

PB1(13, 19.9) Hz

B2 (20, 30) Hz

Fig. 1. Topographical distribution of the activation changes in the spectral power density:
A - resting with closed eyes; B- resting state with open eyes; C — demonstration of neutral stimuli in a positive context;
D — demonstration of neutral stimuli in a negative context
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Targets in Positive Context

Bl

Targets in Negative Context

Fig. 2. Distribution of functional causal connections during neutral stimuli demonstration in an emotional context

The topography of PSD activation changes
corresponded with prevailing views on visual stimuli
perception and processing mechanisms. In both 61- and
62-subbands, extensive networks of effective connections
during the processing of neutral faces in a positive
emotional context were formed. However, in 61-subband,
it was generalized when in 62-subband prominent
activation nodes were formed in frontal, central, and
parietal cortical areas in both hemispheres. As for neutral
stimuli in a negative context, well-established nodes of
activation in the left parietal and the cortex's central
regions in 62-subband were observed (Fig.2).

No stable network was observed for high-frequency
oscillations in both trials, which corresponds with the concept
of it as a marker of inward-directed attention. Simultaneously,
in B1-subband, a more comprehensive network of causal
connections with loci in parietal, frontal, and central regions

was observed for target stimuli in positive context perception
compared to the negative context.

Results obtained with phase TE during resting states
with both closed and open eyes were generally close to
zero, which supports the view that this analysis method is
suitable for mapping brain networks associated with a
specific cognitive task. However, utterly different
connectivity patterns (C= 0.2, p< 0.05) were observed during
stimuli demonstration, and they correlated well with the
results of our ERP study [4].

Activation loci formed in 62-subband (Fig.2) reflected
memory retrieval processes, implicit encoding,
differentiation, and integration of emotionally salient sensory
information for positive context [16] and reflective mind
notion and motivational significance encoding for negative
context [17]. The endogenous self-referential processing of
the CMS (cortical midline) has been related to an intrinsic
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virtual models generation, through which the brain forms an
inferential knowledge about the structure of the
environment. Moreover, well-pronounced connections
among parietal regions of the cortex may manifest ongoing
estimation of the person's social status depicted [18], which
correlates with ERP late posterior negativity (1000 ms) in
parietal areas, manifesting semantic component of stimuli
perception. Differentiation problems (interference) and
attention modulation were displayed through a vast network
of connections in the B1-subband when neutral stimuli were
presented in a positive context [19].

Conclusions. In sum, phase TE and PSD demonstrated
their effectiveness in analyzing emotional visual stimuli
processing mechanisms mediated by disparate cortical areas.
Consequently, PSD distribution corresponded with
conventional views on visual stimuli perception and
processing mechanisms. Withal, phase TE demonstrated no
efficiency in resting-state data analysis. Phase TE revealed
difficulties in neutral faces differentiation in a positive
emotional context, alongside. Moreover, increased self-
reflection and motivational encoding were observed when
neutral faces were presented in a negative emotional context.
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M. YepHux, acn., . 3uma, a-p 6ion. Hayk
KuiBcbkui HauioHanbHUM yHiBepcuteT iMeHi Tapaca LLleBuyeHka, KuiB, YkpaiHa

OCOBJIMBOCTI NEPEOAMI IHOOPMALYT Y ®YHKLIOHAINBbHUX MEPEXAX KOPU
nia 4YAC CrNPUMHATTA HEUTPAIIbHUX OBJINY B YMOBAX EMOLIIMHOIO BNnNnBY

HocnidxeHHs1 cnpsiMoeaHe Ha su84YeHHs ma MOOesIto8aHHs1 eMOYiliHOT akmueHocmi ¢byHKUiOHaNbHUX MePeX y Kopi 2071086 HO20 MO3KY JIH0OUHU
3 suKopucmaHHsiM memodie winbHocmi cnekmpa nomyxHocmi (PSD) i dempeHdoeoi enmponii hazoeozo nepeHeceHHsi (PTE). Yeaay 30cepedxeHo
Ha eusiesieHHi 3MiH ¥y KO2HImuUeHUX MexaHi3Max, CIPUYUHEHUX MOoOaHHSIM HelimpasnbHUX TACbKUX 06/1UYb sIK pidKicCHUX cmuMyiiie ceped 306paxeHb
o651uy i3 HezamueHUM YU MO3umueHuUM 3abapeneHHsM. [JaHi EEI peecmpysanu nid yac cnpuliHamms i o6po6reHHs1 306paxeHb HelmpasnbHOI
Mimiku noduHu, npedcmaesieHoi ceped No3umMueHux i HezamueHux o6su4y y Aeox cepisix 306paxeHb, wjo 6ys10 NpoaHanizoeaHo 3a A0MNOMO20t0
memodie winbHocmi cnekmpa nomyxHocmi ma dempeHdoeoi eHmponii gpazoso2o nepeHeceHHs1. Takox 3apeecmpoeaHo i NpoaHasnizogaHo akmue-
Hicmb KOpU 2071086 HO20 MO3KY Yy CIMaHi CrMoKor0 3 8iGKpUMUMU Mma 3aKkpumumu ovyuma. [ns aHanizy o6paHo okpemi EEl-diana3oHu (6 ma B) Ha ocHoei
ix 3Ha4YeHb y Ko2HimueHux mexaHiamax. Tonoepadpis cnekmpanbHoi WinbHocmi nomyxHocmi eionoeidana 3azanbHoNpPulHAMUM iGesiM, w0 onucy-
romb MexaHi3mu cnpuliHamms Ui 06pobrieHHs1 30posux nodpa3Hukie. Memod eHmponii gpazoeo20 nepeHeceHHsI He 6ye eghekmueHUM Onsl aHanisy
cmaHy criokoto. Pesynbmamu aHani3y, npoeedeHo20 3a A0rnoMo20t0 Memody eHmporii pa308020 nepeHeceHHs, ausieunu npobnemu oughepeHuyiayii
HelimpasnibHUX 06s1uY, Ko/lu 80HU nNpedcmasJsieHi 8 MO3UMUBHOMY eMouyiliHoMy koHmekcmi. [1id yac npe3eHmayii HeimpanbHux 061Uy 8 Hecamus-
HOMY eMouyiliHoMy KOHmeKcmi crrocmepizanucsi nocusneHi npoyecu MomueauyiliHo2o kodyeaHHs1 ma camopedgbekcii. BucHoeku: eHmponisi pazoeo20
nepeHeceHHs1 ma cneKkmparsnbHa WinbHicmb MOMyXHocmi MpodeMoHcmpysasnu ceor eghekmusHicmb y aHani3i MexaHiamie 06po6IeHHs1 eMoyiliHuUX
30poeux nodpasHukie, onocepedKo8aHUX y Pi3HUX 30HaX KOPU.

Knro4oei cnoea: EEI; emouii; eupa3 o6nuyysi; gpyHKYioHanbHa Mepexa.

M. YepHsix, acn., U. 3uma, A-p 6uon. Hayk
KueBckuit HaumoHansHUIN yHuBepcuteT uMeHn Tapaca LLeBYeHko, KueB, YkpaurHa

OCOBEHHOCTU NEPEJAYU MHOOPMALIMU B ®YHKLIMOHAIIbHBIX CETAX KOPbI
BO BPEMA BOCMNPUATUA HEUTPAJIbHbIX JTUL B YCNOBUAX AMOLUMOHAIIBHOIO BNUAHUA

UccnedoeaHue HanpaeneHo Ha usyvyeHue u ModesiuposaHue 3MOYUOHaIbHOU aKmMuUueHOCMU (hyHKYUOHalIbHbIX cemeli 8 Kope 20J108HO20 MO32a
4esioeeKa c ucrosib3o08aHuemM Memodoe MNIoMHOCMuU creKkmpa MouwHocmu u dempeHdo8ol 3HmMponuu ¢hazoeoe2o nepeHoca. BHumaHue 61110 cocpe-
0oMmoYeHO Ha 8bisie/IeHUU U3MEeHeHUl 8 KO2HUMUBHbIX MexaHU3Max, 8bI38aHHbIX npedcmassieHueM HelimpasbHbIX Ye/108e4eCKUX Uy, Kak pedKux
cmumynos cpedu usobpaxeHull Uy, ¢ ompuyamesnibHOU Uu nosoxumesnbHol okpackol. Memodsbi: daHHbIe peeucmpuposasnu npu eocnpusimuu u
ob6pabomke usobpaxeHull HelimpanbHOU MUMUKU Yesioeeka, npedcmaesieHHol cpedu 3MOYUOHalbHbIX /Uy 8 8yx cepusix uzobpaxeHul, u npo-
aHanu3uposasnu ¢ MoMowbo Memodoe8 MNJIDMHOCMU crieKmpa MowHocmu u dempeHAdos8ol 3HmMponuu ¢pa3o8020 rnepeHoca. Takxe 3apeaucmpupo-
8aHbl U NpoaHasu3upoeaHbl aKmueHOCMb KOPbl MO32a 8 COCMOSIHUU MOKOSI C OMKPbIMbIMU U 3aKpbimbIMU 2/1a3amu. Pe3ynbsmamei: ns aHanu3a
6b11u 8bI6pPaHbl omdenbHble 33M-0uana3oHbl (0 u B) Ha OCHOo8aHUU UX posu Osi KOGHUMUBHbIX MexaHu3mMos. Tornozpaghusi cnekmpasnbHoOU niaom-
HOCmu MowHOCMU omeeyvasia o6WenpuHIMbIM udesiM, ONUCbLI8alOWUM MeXaHU3Mbl eocrpusimusi u o6pabomku 3pumesnbHbIX pa3dpaxumenel.
Memood sHmponuu ¢gpazoeo20 nepeHoca He 6bin1 3ghghekmueHbIM Os1s1 aHa/Iu3a COCMOSIHUSI NOKosi. Pe3ynbmamsl aHanu3a, npoeedeHHo20 Memodom
3HmMponuu ¢hazoeoz2o nepeHoca, o6Hapyxunu npobnems! ouggepeHyuayuu HelimpasbHbIX Uy, ko20a OHU npedcmassieHbl 8 MOIoKUMETLHOM
3MoyuoHarIbHOM KOHmMeKkcme. Bo epemsi npeseHmayuu HelimpasbHbIX 1UY, 8 He2amU8HOM 3MOYUOHaIbHOM KOHmMeKcme Habnrodanuck ycuneHHble
npoyeccbl MOMugayuOHHO20 KodupoesaHus U camopedgbsiekcuu. Bbieodbl: s3HmMponusi ¢ha3oe020 nepeHoca u cnekmpasbHasi M10MHOCMb MOWHOCMU
npodeMoHcmMpupoeasnu ceor 3hgheKmueHoOCMb 8 aHau3e MexaHuU3Moe o6pabomku 3MOYUOHalbHbIX 3pumesibHbIX pa3dpaxumenel, onocpedo-
8aHHbIX 8 Pa3/IuUYHbIX 30HaX KOPbI.

Knrovesbie cnosa: 33I; amoyuu; ebipaxkeHue nuya; hyHKYUOHabHas cemab.
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INFLUENCE OF PHOLIOTA SPP. (STROPHARIACEAE, BASIDIOMYCOTA)
MYCELIAL BIOMASS ON SEED GERMINATION AND SEEDLINGS GROWTH
OF LEPIDIUM SATIVUM L. AND CUCUMIS SATIVUS L.

Basidiomycetes represent a very diverse group of eukaryotic organisms in terms physiological parameters. Some organisms
such as plants or fungi release certain secondary metabolites, which can affect the organisms around them. Some of the
substances released by mushrooms could have effects on the growth and further development of nearby plants. Studies of fungi
and their biologically active components have grown significantly, with the aim of potential introduction to various biotechnological
processes.The allelopathic effect of Pholiota species has been investigated in this study. Mycelial biomass of seven screened
Pholiota species were tested to study cucumber (Cucumis sativus L.) and lettuce (Lepidium sativum L.) seed germination and the
sprouting growth. The results of our experiment showed that the biomass of the species of the genus Pholiota did not affect the
germination of seeds of both plant species. 100% seed germination was recorded in both control and experimental samples. The
addition of mycelial biomass of the Pholiota species led to a suppressive allelopathic effect, which affects seed germination, the
length of the studied plant (both shoots and roots), as well as changes the morphology of the roots (pubescence, changes in lateral
roots). The inhibitory effect on sprouting length was 8,6%-87,1% in the case of C. sativus and 42,2%-91,8% if specify for L. sativum
in depence on Pholiota species. Allelopathic properties of Pholiota subochracea, where sprouting growth ratio did not exceed
12.9%, compared to the control group, should be noted. This result suggests that Pholiota mushrooms have a significant regulatory
effect on lettuce and cucumber sprouting growth. The given results suggest that the studied species may play a significant role in
relationships within ecosystems.

Keywords: mushroom allelopathy, Pholiota, sandwich method bioassay.

Introduction. Allelopathy includes all types of chemical Weeds account for not more than 1% of the total plant
interactions among plants and  microorganisms. species on the earth, nevertheless they cause great
Allelochemicals influence patterns in features that affecting problems to humankind by interfering in food production,
the vegetation communities, seed germination and the health, economic stability, and welfare [20]. Moreover, as far
sprouting growth, plant defence nutrient chelation, prevent as itis known, 255 weeds from 92 crops have become stable
nutrient uptake of target plants and regulation of soil biota in to 163 herbicides all over the world [9]. That is why the weed
ways that affect decomposition and soil fertility [5, 8, 18, 22]. control issues demand new ways of solving.
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