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Abstract—The latencies and amplitudes of the P100 and N170 components of event related potentials
(ERPs) upon presentation of neutral and threatening visual stimuli have been studied in healthy persons and
patients with schizophrenia. The studied patients had acute psychosis with a predominance of hallucinatory-
paranoid syndrome and did not receive antipsychotic therapy, i.e. when the disturbances of sensory percep-
tion were mostly pronounced. Analysis of early component P100 and intermediate one N 170 of event relative
potentials (ERPs) in the control group healthy showed the increase of excitation to emotionally threatening
stimuli; at all sites the amplitude increased and the latency shortened. In the group of patients with schizo-
phrenia, the analysis of components P100 and N170, in contrast, showed the increased latency and decreased ampli-
tude. The obtained data point to pathological inhibition underlying the ERPs to emotionally significant stimuli.
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Cognitive and emotional disorders, as is known,
are the main syndromes of schizophrenia. Disorders of
these functions are mainly determined by the clinical
picture, as well as psychophysiological correlates. The
objective of our study was to determine some physio-
logical factors that are responsible for disturbances of
the processes of perception and emotional sphere in
patients with schizophrenia. These disorders of mental
functions refer to the first rank (top) syndrome in
patients with schizophrenia [1].

To date, the vast majority of research in the field of
emotional experience in schizophrenia are based on
self-report [2]. However, this is not enough. Firstly, the
patients themselves can not adequately respond to the
questions. Secondly there may be errors of memory and
thought disorder associated with delusional symptoms [3].

At present, the study of psychophysiology of emo-
tion, rather actively is used the method of evoked
potentials (EP). This method reflects the synchronous
activity of neuronal populations in the preparation of
any action or in response to a stimulus, the EP consid-
ered as a response (its neural reflection) to the stimu-
lus, in this case, the external [4].

In evoked potentials (visual and somatosensory)
usually the group of waves with latency to 100 ms is
distinguished relatively early, from 100 to 200 ms as
intermediate and later. These groups differ in latent
period and in the region of localization in the cortical
brain structures, temporary reduction cycle, depend-
ing on the functional state, the influence of drugs, and
others [5].

! The article was translated by the authors.

EP components with a latent period of up to 100 ms
have sensory origin and are located within a single
analyzer. EP components from 100 to 200 ms—are of
mixed origin, in their generation involved brain struc-
tures such as the hypothalamic-limbic complex and
bark. Basically earlier EP components depend on the
physical characteristics of the stimulus [6].

It should be noted that the presentation of emo-
tional words or images, there is an emotional reaction,
inducing experience emotions [7].

Most of the studies relating to the definition of psy-
chophysiological differences in reactions to verbal
emotional stimulus in normal and in schizophrenia, is
dedicated to the late components evoked potential [8],
and to a much lesser degree, there are studies that
examine the early stages of perception and processing
of emotionally-shaped information, particularly in
patients with schizophrenia in the acute psychotic
period without receiving neuroleptic treatment [9].

In recent studies, the focus is mainly on how emo-
tional stimulus affect the characteristics of the ampli-
tude of the EP components [10], while the analysis of
changes in latency, i.e., violation of the temporal char-
acteristics of CAP in patients with schizophrenia is
almost unexplored.

In this paper, we tried to find the answer, when and
where in the brain integrates disparate neural networks
to ensure the process of perception and processing of
emotionally significant stimulus normally, and how
they are violated when paranoid schizophrenia. To this
end, we studied the latency and amplitude of the
evoked potential components of P100 (the interval
from 60 to 150 ms) and N170 (the interval from 100 to
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200 ms). Thus, we have identified specific neurophys-
iological violation underlying the perception of emo-
tionally significant stimuli in schizophrenic patients in
an acute psychotic period is neuroleptic therapy.

MATERIAL AND METHODS

Subjects. The study was conducted on the basis of
the Psychiatric Hospital “Transfiguration” (Depart-
ment of acute psychosis). The group of patients
included 39 people (21 men and 18 women) with
schizophrenia in acute psychotic period prevalence of
hallucinatory-paranoid syndrome, aged 18 to 37 years
old. The diagnosis was done by a psychiatrist depart-
ment of acute psychosis, according to the Interna-
tional Classification of ICD-10 category F20.0. Total
score of severity of psychopathological symptoms on a
scale PANSS, the patients was 96.1 + 3.1. All patients
had the first episode of psychosis and antipsychotic
neuroleptic received treatment before and during the
experiment. The control group was studied 32 healthy
subjects (18 men, 14 women) aged 20 to 35 years. In
the study were selected as a control group and in the
group of patients with schizophrenia, physical health
right-hander with 100% or adjusted to 100% vision.
Statistically significant differences by gender, age and
level of education between the studied groups were not
found (p > 0.1).

Stimulus and tasks. All subjects presented stimulus
on the screen 14-inch monitor at a distance of 0.75 m
from the subject, sitting in a chair in front of a com-
puter in a darkened room. As stimulus material were
used neutral and threatening image of IAPS adapted
for the Russian sample. Stimulus were presented in a
random order. Time of presentation of the stimulus
was 500 ms; interstimulus interval was from 1.5 to
3 seconds. The entire series of experiments—Studies
differences characteristics of CAP in patients and
healthy subjects were conducted in implicit condi-
tions, i.e. the passive perception of stimuli.

The procedure for recording, processing and anal-
ysis of data. Electrodes are placed on the international
circuit 10—20%. Filtered high frequency were set at
70 Hz, the time constant of—0.3 s. The sampling rate
of 200 Hz, the impedance of less than 10 kOhms (in
most records <5 kOhms). EP was recorded from
19 leads: Fpl, Fp2, F3, F4, F7, F8, C3, C4, T3, T4,
T5,T6, P3, P4, O1, O2, Fz, Cz, Pz at the facility, con-
sisting of 24 channel amplifier company MBN (Rus-
sia). Reference electrodes were attached to the left and
right lobes of the ears. Posteriori studied recording the
EP on the combined ear electrode. From the original
recordings manually removed implementation with an
amplitude of more than 100 pV. To suppress the EOG,
pulse and other artifacts used a method which is a
combination of two techniques implemented sequen-
tially filtering and processing of EEG results with vari-
eties of factor analyzers of principal component anal-
ysis [11]. For orientation in the film evoked potential
first built averaged evoked potentials in groups of sub-
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jects, then isolated ERP components P100 and N170.
Thereafter, potentials of individual units of 5 ms max-
imum amplitude extrema found closest to the average
waves P100 and N170 in the range from 55 to 150 and
from 100 to 250 ms, respectively, and fixed latency
between the average amplitude of the three highest
peaks of the individual. In cases where the capacities
for the individual range latencies were extremum two
or more of them selected by the maximum amplitude
peak.

Analyzed potentials obtained separately in neutral
and threatening images incentives. Measured the
latency and amplitude of P100 and N170 components
in all 19 leads.

Compared the latency and amplitude of P100 and
N170 between groups of subjects (healthy and schizo-
phrenia) separately for threatening and neutral stim-
uli, as well as the characteristics of EP components to
neutral stimuli compared with threatening within each
group. Statistical processing was performed program
STATISTICA 7.0. Used the nonparametric Mann-
Whitney test for intergroup comparisons, as well as a
criterion for Wilcoxona—intragroup comparisons.

RESULTS

Comparison of latency and amplitude of P100 and
N170 components in the perception of neutral and
threatening visual stimulus in implicit conditions in a
group of healthy subjects.

In the passive perception of emotional stimuli-
shaped images (neutral and threatening) latency com-
ponent P100, in the group of healthy subjects was sig-
nificantly shorter threatening stimulus than neutral in
the left parietal region (P3) p <0.05 in the right middle
temporal region, (T4), p <0.05,

Statistically significant differences P100 amplitude
component threatening and neutral stimulus in
healthy subjects have not been identified.

N170 latency component in the passive perception
of emotionally-shaped stimulus (neutral and threaten-
ing images) in a group of healthy subjects was signifi-
cantly shorter threatening stimulus than neutral in the
right central region (C4) p < 0.05.

Analysis of the amplitude of the N170 component
in the perception of emotional and imaginative incen-
tives implicit conditions in healthy subjects showed
significant differences; so that the amplitude at the
neutral stimulus was less than threatening in the right
inferior temporal (T6), p < 0.05, and the central (Cz)
p < 0.05 areas. Thus, the analysis of the data indicates
the excitation threatening stimulus during braking and
neutral stimulus in healthy subjects.

Comparison of latency and amplitude of P100 and
N170 components in the perception of neutral and
threatening visual stimulus in implicit conditions in
the group of subjects with schizophrenia.

In the passive perception of emotional stimulus-
shaped images (neutral and threatening) latency com-
ponent P100, in the group of subjects with schizophre-
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nia was significantly longer threatening stimulus than
neutral in the following areas: the left anterior frontal
(Fpl) p < 0.05, right front frontal (Fp2) p < 0.01, left
center (C3), p < 0.05, the right central (C4) p < 0.01,
right parietal (P4) p < 0.05, the left occipital (O1) p <
0.05, the left anterior temporal lobe (F7) p < 0.01, the
right anterior temporal lobe (F8) p < 0.05, central (Cz)
p <0.05, the central parietal (Pz) p <0.05.

Analysis of the amplitude of the P100 component
in the perception of emotional and imaginative stimu-
lus in patients with schizophrenia showed significant
differences, where the amplitude was less threatening
stimulus than neutral in the right parietal region (P4)
p < 0.001. That indicates the predominance of the
braking process the perception of threatening stimulus
N170 latency component in the passive perception of
emotionally-shaped stimulus in the group of subjects
with schizophrenia was significantly longer threaten-
ing stimulus than neutral in the following areas: the
left anterior frontal (Fpl) p < 0.01, the right prefrontal
(Fp2) p<0.01, left frontal (F3) p < 0.05, the right cen-
tral (C4) p <0.05, the central frontal (Fz) p < 0.05.

Analysis of the amplitude of the N170 component
in the perception of emotional stimulus shaped in the
group of subjects with schizophrenia showed signifi-
cant differences, where the amplitude was greater at
neutral stimulus in the right occipital (O2) p < 0.01,
and in the right anterior temporal lobe (F8) p <
0.05 areas. Thus, our data may indicate a predomi-
nance of inhibitory processes in the perception of
threatening stimulus in patients with schizophrenia.

Comparison of latency and amplitude of P100 and
N170 components in the perception of neutral and threat-
ening visual stimulus in implicit conditions, between a
group of healthy subjects and a group of patients with para-
noid schizophrenia in the implicit conditions (Figs. 1, 2).

Analysis of the amplitude of the P100 component
in the perception of emotionally-shaped neutral stim-
ulus showed significant differences that were found in
the left parietal (P3) p < 0.01, in the right parietal (P4)
p < 0.05, and in the right inferior temporal (T6), p <
0.05 areas where amplitude at neutral stimulus was
greater in healthy subjects compared with a group of
patients with schizophrenia.

Analysis of P100 latency component in the percep-
tion of emotionally-shaped neutral stimuli showed
significant differences, where latency was shorter in
patients with schizophrenia compared with the con-
trol group in the following areas: right anterior frontal
(Fp2) p < 0.05, left center (C3) p < 0.01, right center
(C4) p<0.01, right parietal (P4) p < 0.05, the left ante-
rior temporal lobe (F7) p < 0.05, right anterior tempo-
ral lobe (F8) p <0.05, left mid-temporal (T3) p <0.05,
the left inferior-temporal (TS5) p < 0.05, the lower
right-temporal (T6) p <0.05, the central frontal (Fz)
p<0.05, central (Cz) p <0.05.

Analysis of the amplitude of the P100 component
in the perception of emotionally-shaped threatening
stimuli showed significant differences, where the
amplitude of schizophrenia patients was lower than
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Fig. 1. Example of a component P100 EP threatening visual
stimuli among a group of healthy subjects (solid line) and
patients with schizophrenia (dashed line). Circle indicates the
difference in amplitude and latency between patients and
healthy this component.

that of the control group in the right parietal region
(P4) p<0.001.

Analysis of P100 latency component perception of
emotionally-shaped threatening stimulus revealed no
significant differences between subjects with schizo-
phrenia and control subjects.

Analysis of the amplitude of the N170 component
in the perception of emotionally-shaped neutral stim-
ulus showed significant differences in the right mid-
temporal (T4) p < 0.05, the bottom left-temporal (T5)
p <0.05, and in the lower right-temporal (T6) p <0.01
areas wherein the amplitude was smaller in schizo-
phrenic patients compared with healthy subjects.

Analysis of latency component N170 in the per-
ception of emotionally-shaped neutral stimulus
revealed no significant differences between subjects
with schizophrenia and control subjects.

Analysis of the amplitude of the N170 component
in the perception of emotionally-shaped threatening
stimulus showed significant differences, where the
amplitude of schizophrenia patients was more than a
group of healthy subjects in the left anterior temporal
region (F7) p < 0.001, in the right anterior temporal
lobe (F8) p < 0.001 in the central (Cz) p < 0.05 areas.

Analysis of latency component N170 in the per-
ception of emotionally-shaped threatening stimulus
showed significant differences, where latency was
shorter in the group of healthy subjects, compared
with a group of schizophrenic patients in the following
areas: the left anterior frontal (Fpl) p < 0.001, right
front frontal (Fp2) p < 0.001, left frontal (F3) p <0.05,
right frontal (F4) p < 0.05, the left parietal (P3) p <
0.05, left occipital (O1) p <0.01, the left anterior tem-
poral lobe (F7) p < 0.01, the right anterior temporal
lobe (F8) p < 0.05, left mid-temporal (T3) p < 0.05,
right middle-temporal (T4) p < 0.01, lower left-tem-
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Fig. 2. Example of component N 170 VP threatening visual
stimuli among a group of healthy subjects (solid line) and
patients with schizophrenia (dashed line). Circle indicates
the difference in amplitude and latency between patients
and healthy this component.

poral (T5) p < 0.01, the central frontal (Fz) p < 0.05,
the central parietal (Pz) p <0.01.

DISCUSSION OF THE RESULTS

When analyzing the amplitude of evoked potentials
P100 and N'170 components we focused on the area of
TPO, as they are located near the projection area. In
healthy subjects was observed:

P100 component in TPO positive areas, while in
this time interval in the front areas, leads Fpl, Fp2,
F3, Fz, F4 in the same component of the negative
component is recorded.

N170 component in the areas of TPO in the front
areainleads Fpl, Fp2, F3, Fz, F4 in the same compo-
nent, there are positive indicators of amplitude.

This phenomenon is explained in the literature that
are oriented in the interpretation of data on the maxi-
mum amplitude of foci induced potentials that reflect
the distribution of the electric field on the surface of
the head [12]. This does not include the possible ori-
entation and number of sources. When the radial ori-
entation of the source maximum field distribution will
coincide with its projection on the underlying convex-
ital surface of the cerebral cortex. On the contrary,
when the tangential orientation of the source when it
is in the groove of the cerebral hemispheres, positive and
negative extremes, depending on the depth of the source,
can far removed from its projection on the surface of the
scalp, which is the reason for the change of polarity [13].

In our experiment, the majority of patients with
schizophrenia polarity P100 and N170 polarity does
not change (this phenomenon was observed in only 5 out
of a total number of subjects, which is only 12.8%).

Results of the study of visual perception require-
ments emotionally significant stimuli within a group
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of healthy shown that threatening stimulus in all sites
increased amplitude and shortened latency, thus
increasing the level of excitement as early component
(P100) and intermediate (N170).

Results of the study of visual perception require-
ments emotionally significant stimuli within the group
of patients with schizophrenia have shown that in all
leads decreased the amplitude and increased latency
EP threatening stimuli compared with neutral. This
may indicate an increase in inhibition in patients in
the perception of threatening stimuli in neural net-
works that generate early component (P100) and an
intermediate component (N170). There are studies in
which it is noted that in this disease pathological neu-
ral responses may depend on the severity of psychotic
positive symptoms [14].

Comparison of visual perception requirements
emotionally significant stimulus between groups of
patients with schizophrenia psychosis and controls
showed that the latency component (P100) EP shorter
neutral stimulus in patients with schizophrenia com-
pared with the norm, and the amplitude is less than
that indicates a distortion of the component (paradox-
ical effect). A paradoxical effect observed in the per-
ception and emotionally significant incentives
between the group of patients with schizophrenia and
control subjects, i.e. the component (N170) and the
latency and amplitude threatening stimulus schizo-
phrenic patients more than in healthy persons. It
could also indicate a problem of perception of emo-
tionally significant stimulus in patients with schizo-
phrenia who are in acute psychosis.

Quite a number of works devoted to the description
of the late ERP components (P300). They show that
the late ERP components depend on attention, mem-
ory and a number of other psychological factors [15].
If you study the late components in schizophrenia
studied sufficiently active, the study of early compo-
nents in the perception of emotionally significant
stimulus, as already noted, are not well understood. At
the same time, a large number of studies on cognitive
function (memory, attention, etc.), which are marked
disturbances in schizophrenia [16].

Synchronization of neural networks is one of the
most important cortical mechanisms of mental activ-
ity. In studies of Tononi and Edelmen (2011) affective
perception is viewed through time varying pattern of
functional relationship between the prevalence of neu-
ral networks, and not as the specific features of any
particular group of neurons [17]. Presentation of stim-
ulus actively binds to a common neural network inte-
grated neural process or functional cluster through the
thalamo-cortical, cortico-cortical or rienteringovye
(return) connection. These authors found that the
responses to the stimulus recorded on MEG, become
larger, and the cluster is distributed to the front, pari-
etal, temporal and occipital region. This process is
accompanied by an increase in neuronal connections
between certain areas and intensive interaction
between the neural networks. Such differentiation and
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integrative implies an active exchange of information
between elements within the system.

According to Medkur and other authors in patients
with schizophrenia exchange of information between
the regions of the brain is disturbed, the severity of
these disorders may be due to the severity of psycho-
pathological symptoms productive [18]. These results
can be compared with the received data on pathologi-
cal perception of emotionally significant stimulus.

According to the model “bottom-up”—(ascend-
ing activation), neural connections are developed to
the central and the anterior part of the cerebral cortex.
It is assumed that a violation of neural connections in
patients with schizophrenia is particularly aggravated
by distributing to the front departments. Further,
according to the model “top-down”—(descending
activation), in a process apparently involves the pre-
motor cortex, thus enabling the preparation for
action, if necessary. In schizophrenia violation down-
link and premotor areas impede adequate response
inhibition. Based on the assumption Spitzer [19] that
in patients with schizophrenia in a psychotic state, the
process of disinhibition of neurons and the spread of
this activation in neural networks, we believe that
excessive activation of neuronal reverberation is a
pathological activity of neural networks, resulting in
pathological changes occur in the picture VP.

CONCLUSIONS

1. The latency of P100 component of early and
intermediate component N170 in healthy subjects
shorter threatening emotional stimulus compared to
neutral, and the amplitude of the data components, in
contrast, more that indicates the predominance of the
excitatory process in the perception of affective and
meaningful incentives.

2. The latency of P100 component of early and
intermediate component NI170 in patients with
schizophrenia is increased by emotional threatening
stimulus compared to neutral, and the amplitude of
the data components, by contrast, is reduced, due to
the predominance of the process, “the beyond” brak-
ing affective important stimulus.

3. Both the latency and amplitude of the P100
component of the early CAP less to neutral stimulus in
patients with paranoid schizophrenia compared with
healthy, and latency and amplitude of the intermediate
component N170 VP greater in patients with schizo-
phrenia than in healthy. Which indicates inadequate
perception of emotionally significant stimulus in
patients with paranoid schizophrenia in acute psycho-
sis not receiving neuroleptic therapy.

REFERENCES

1. Jaspers, K., Aligemeine Psychopathologie: Ein Leitfaden
fiir Studierende, Arzte und Psychologen, Berlin:
Springer, 1913.

HUMAN PHYSIOLOGY Vol. 41 No. 4 2015

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

371

Kring, A.M. and Moran, E.K., Emotional response
deficits in schizophrenia: Insights from affective sci-
ence, Schizophrenia Bull., 2008, vol. 34, p. 819.

. Fatemi, S.H. and Folsom, T.D., The neurodevelop-

mental hypothesis of schizophrenia, revisited, Schizo-
phrenia Bull., 2009, vol. 35, no. 3, p. 528.

. Cacioppo, J.T., Tassinary, L.G., and Berntson, G.G.,

The Handbook of Psychophysiolocy, Campridge: Cam-
pridge Univ. Press, 2007.

. Ivanitskii, A.M., Strelets, V.B., and Korsakov, 1.A.,

Informatsionnye protsessy mozga i psikhicheskaya deya-
tel’nost’ (Information Processes in the Brain and Men-
tal Activity), Moscow: Nauka, 1984.

. Ivanitskii, A.M., Mozgovye mekhanizmy otsenki signalov

(Cerebral Mechanisms of Signal Assessment), Mos-
cow: Meditsina, 1976.

. Leutin, V.P. and Nikolaeva, E.l., Funktsional’naya

asimmetriya mozga (Functional Asymmetry of the
Brain), St. Petersburg: Rech’, 2008.

. Debruille, J.B., Kumar, N., Saheb, D., et al., Circum-

venting the deficit of context processing in schizophre-
nia: An event-related brain potential study, /nt. J. Psy-
chophysiol., 2010, vol. 75, no. 2, p. 167.

. Kikuchi, M., Koenig, T., Wada, Y., et al., Native EEG

and treatment effects in neuroleptic-naive schizo-
phrenic patients: time and frequency domain
approaches, Schizophrenia Res., 2007, vol. 97, p. 163.
Olofsson, J.K., Nordin, S., Sequeira, H., et al., Affec-
tive picture processing: An integrative review of ERP
findings, Biol. Psychol., 2008, vol. 77, no. 3, p. 247.
Novototsky-Vlasov, V.Yu., Garah, Zh.V.,, and Kovalev, V.P.,
A method for repetitive artifact suppression in multi-
channel EEG recordings, Hum. Physiol., 2007, vol. 33,
no. 2, p. 231.

Strelets, V.B., Mapping brain bioelectric potentials in
emotional and cognitive pathologies, Zh. Vyssh. Nervn.
Deyat. im. I.P. Pavlova, 1997, vol. 47, no. 2, p. 226.
Verkhlyutov, V.M., Shchuchkin, Yu.V, Ushakov, V.L.,
et al., Estimation of the locatiions and dipole moments
of the sources of EEG a and 6 rhythms by means of
cluster analysis in healthy subjects and schizophrenic
patients, Zh. Vyssh. Nervn. Deyat. im. I.P. Pavilova,
2006, vol. 56, no. 1, p. 47.

Luck, S.J., Mathalon, D.H., O’Donnell B.E, et al. A
roadmap for the development and validation of event-
related potential biomarkers in schizophrenia research,
Biol. Psychiatry, 2011, vol. 70, p. 28.

William, P. and Horan, J., Electrophysiological corre-
lates of emotional responding in schizophrenia,
Abnorm. Psychol., 2010, vol. 119, no. 1, p. 18.
doi: 10.1037/a0017510.

Fellinger, R., Klimesch, W., Schnakers, C., et al., Cog-
nitive processes in disorders of consciousness as
revealed by EEG time-frequency analyses, Clin. Neuro-
physiol., 2011, vol. 310, p. 57.

Tononi, G., Edelman, G.M., and Sporns, O., Com-
plexity and coherency: Integrating information in the
brain, Trends Cogn. Sci., 1998, vol. 2, p. 474.
Medkour, T., Walden, A.T., Burgess, A.P., and Stre-
lets, V.B., Brain connectivity in positive and negative
syndrome schizophrenia, Neuroscience, 2010, vol. 169,
no. 4, p. 1779.

Spitzer, C., Haug, H.J., and Freyberger, H.J., Disso-
ciative symptoms in schizophrenic patients with posi-
tive and negative symptoms, Psychopathology, 1997,
vol. 30, no. 2, p. 67.



