
 

ISSN 0362-1197, Human Physiology, 2007, Vol. 33, No. 2, pp. 236–246. © Pleiades Publishing, Inc., 2007.
Original Russian Text © S.A. Gordeev, 2007, published in Fiziologiya Cheloveka, 2007, Vol. 33, No. 2, pp. 121–133.

 

236

 

MECHANISMS AND SOURCES OF GENERATION 
OF THE ENDOGENOUS 

 

P

 

300 POTENTIAL
IN THE BRAIN AND ITS RELATIONSHIP

WITH COGNITIVE FUNCTIONS

The famous Russian psychologist A.R. Luria
described three blocks involved in fulfilling higher
mental functions: (1) the first block, regulating the
energy level, comprising subcortical and stem struc-
tures; (2) central mechanisms of information percep-
tion and processing, associative brain regions; and
(3) the third block, the frontal lobes [1].

Cognitive impairments may result from dysfunction
of any of these three structural and functional blocks of
the brain [2]. An injury in some part of the first block
(nonspecific structures of the mesencephalon and dien-
cephalon or mediobasal parts of the frontal lobes)
affects activation processes, causing neurodynamic dis-
turbances, such as attention disorder, psychomotor
delay, and modally nonspecific memory impairments.
Failure of the functions of the second block (informa-
tion perception, coding, and storage), comprising the
parietal, temporal, and occipital cortical areas, leads to
disorganization of behavioral processes, including
modally specific processes related to processing of
visual, auditory, and proprioceptive information. Inju-
ries to the third block (involved in behavior program
formation, regulation, and control), related to the pre-
frontal cortex, result in regulatory impairments, includ-
ing impaired formation of intentions and goals, as well
as impaired regulation and control of actions and
behavior as a whole.

Methods for estimating the electrical activity of the
brain, including the evoked potential (EP) approach,
are of great importance for investigating brain mecha-
nisms responsible for higher mental functions [3–5].
The current notion is that any EP reflects both sensory
perception of information (early short-latency compo-
nents of response) and information processing and stor-
age and decision making (late long-latency components
of response) [6]. Many authors think that analysis of
parameters of long-latency responses yields important
information on the brain activity and is important for
assessing cognitive functions involving information
perception and processing [4, 7].

Analysis of 

 

P

 

300 endogenous cognitive EPs has
been widely used since the mid-1960s for objective
assessment of cognitive functions involving temporal–
limbic and stem–reticular brain structures [8–10].

 

P

 

300 has been recorded only as a response to signif-
icant attention-related stimuli and has been interpreted
as a correlate of stimulus recognition or differentiation
[11], the level of selective attention [3, 11, 12], decision
making [13–15], obtainment of information or reduc-
tion of ambiguity [16], responses depending on stimu-
lus significance [17, 18], cognitive assessment of a
stimulus [19, 20], and storage or operative memory [21,
22]. On the other hand, 

 

P

 

300 has been recorded as a
response to sudden changes in an insignificant stimulus
or when an oddball stimulus is presented to a subject
during the performance of any task and has been inter-
preted as a correlate of an orienting reaction [23–25]. It
has been hypothesized that the amplitude of the cogni-
tive 

 

P

 

300 potential depends on the degree to which a
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Abstract

 

—Assessment of higher mental functions, objective detection of cognitive impairments, and investi-
gation of pathophysiological mechanisms underlying these impairments in various neuropsychological dis-
eases are of great importance for neuropsychophysiology. The endogenous event-related potential (ERP)
approach is one of the instrumental neurophysiological methods that are currently used for assessing these com-
plicated processes because recorded potentials reflect the intrinsic brain activity and changes in these potentials
are caused by endogenous factors of the brain activity. The 
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300 cognitive evoked potential, induced by selec-
tive attention to a stimulus, has been the most widely used endogenous ERP. This potential may be helpful for
studying mechanisms of mental disturbances, as it reflects neuronal processes connected with nonspecific acti-
vating reticulothalamic systems, as well as with limbic and neocortical mechanisms of selective attention and
short-term memory.
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probabilistic forecast (expectation) and a real event
(stimulus or response) are not matched [26]. This
hypothesis is compatible with the so-called noncogni-
tive interpretation of the 

 

P

 

300 potential, according to
which an endogenous potential is the common denom-
inator of different cognitive processes causing changes
in the state in response to a stimulus, by which a certain
change in activity is meant [27]. Speculations on the
relationship between the 

 

P

 

300 component and
increased emotional tension [28], as well as the hypoth-
esis that an endogenous potential is modulated by fur-
ther activation of cortical neurons depending on the
psychological significance of a stimulus [29], have
come very close to this viewpoint.

Generally, the cognitive 

 

P

 

300 EP is a complex
potential that occurs in the selective attention paradigm
and reflects the selection of a target stimulus [30]. Stim-
ulus perception is characterized by early EP compo-
nents, which reflect sensory processing connected with
both physical parameters of a stimulus and the specific
and nonspecific activation of specialized systems
responsible for information perception and processing.
A primary recognition of the stimulus occurs at the next
stage, as evidenced by negativity recorded 100–250 ms
after stimulus presentation, which is sometimes termed

 

N

 

2

 

 in auditory and visual EPs [31]. The third stage is
the final recognition of the stimulus, when it has to be
compared to a template that is stored in the memory in
order to organize the related action (ignore, remember,
perform an action specified by instruction, etc.). There-
fore, the 

 

P

 

300 potential approach focuses on these
events, with special emphasis on selective attention and
short-term memory. That is why 

 

P

 

300 parameters are
so sensitive to the complicated and specific task of rec-
ognition and to a subject’s cognitive functioning [32].

Some biological and psychological variables (fac-
tors) affect the 

 

P

 

300 amplitude and time parameters.
The psychological factors include the complexity of
stimulus recognition, the level of attention to presented
stimuli, the probability of occurrence of relevant stim-
uli, the stimulus nature and intensity, and the interstim-
ulus interval [3]. The biological variables that have the
greatest effect on 

 

P

 

300 parameters are cognitive abili-
ties (especially, a subject’s memory), personality type
(in my opinion, personality type is more likely a psy-
chophysiological variable), age, arousal state [5], and
gender [33].

 

P

 

300 is the most marked in the vertex region as
reported by most researchers. The 

 

P

 

300 amplitude is
the greatest in the frontocentral and less frequently the
parietal areas [3, 32]. In females, the visual 

 

P

 

300 EP
has a shorter latency and a higher amplitude than in
males [33]. The 

 

P

 

300 peak amplitude of the response to
verbal stimuli is significantly higher in the left hemi-
sphere, and that of the response to nonverbal (image)
stimuli, in the right hemisphere. Therefore, it can be
used for testing verbal and nonverbal cognitive func-
tions in neuropsychological studies [32].

During successive repeated trials, the 

 

P

 

300 latency
becomes shorter and the 

 

P

 

300 amplitude decreases.
There is an inverse relationship in the case of pathol-
ogy: the 

 

P

 

300 peak amplitude may be higher than that
during the first trial (going into the task, which is typi-
cal of depression and suspense) [3].

There is a clear age dependence of 

 

P

 

300 parameters,
which allows plotting special aging curves. The 

 

P

 

300
peak latency shows a downward tendency from the age
of 7, when a child can properly follow instructions,
until the age of 18–20. Then, the aging curve can be
plotted: the 

 

P

 

300 latency increases at a rate of 1–2 ms
per year [34], and the 

 

P

 

300 amplitude decreases at a
rate of about 0.1 

 

µ

 

V per year [35]. These changes in the
amplitude–time parameters of cognitive EPs are associ-
ated with delayed memory processes [36] and with nor-
mal aging accompanied by a decreased number of den-
dritic spines and a reduced density of synaptic contacts
at the level of cerebral neurons [33]. A relationship has
been established between endogenous potentials and
cholinergic and noradrenergic mechanisms of the brain
[37].

A cognitive EP reflects nonspecific brain activation
involving selective attention. 

 

P

 

300 potentials recorded
from the scalp during stereotactic operations in
response to visual and auditory stimuli were accompa-
nied by negative shifts in thalamic nuclei, indicating
activation of nonspecific reticular systems, ascending
afferentation from which led to a corresponding shift of
brain electrical potential [38].

The 

 

P

 

300 peak amplitude depends directly on the
attention level and increases as the probability of a tar-
get stimulus decreases [39]. When a stimulus is
ignored, the amplitude decreases and the latency
increases. There is a negative correlation between the

 

P

 

300 amplitude and latency [40]. In healthy subjects,
the 

 

P

 

300 amplitude is directly proportional to the rate
of response and task complexity [41].

The 

 

P

 

300 amplitude depends on the size of the oper-
ative memory (it is likely that intensive attention rather
than memory size is required, if necessary, to keep in
the memory a great number of elements). When the
number of letters in a stimulus combination increases
from three to seven, the 

 

P

 

300 amplitude increases pro-
portionally [42]. Cognitive EPs depend on the cognitive
content of the task performed, which is connected with
a certain brain specialization involved in higher mental
functions. When faces are used as visual stimuli, a cor-
rect recognition of repeatedly presented faces is accom-
panied by a positive wave, which is significantly more
marked in the right hemisphere, in the area topically
corresponding to the dipole at the posterior part of the
superior temporal sulcus, i.e., where neurons are
located that are specialized in analyzing complex visual
images and faces, as reported in neuropsychological
studies [43]. The 

 

P

 

300 amplitude also depends on the
cognitive content of a stimulus and memory size for
verbal stimuli and is substantially independent of the
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memory size for nonverbal stimuli, reflecting specific
features of the processing of verbal (successive) infor-
mation by the left hemisphere and of nonverbal (simul-
taneous) information by the right hemisphere [44].

According to neuropsychological examination, a
shorter latency and a greater peak amplitude of 

 

P

 

300
are typical of subjects with better cognitive abilities [5,
45]. It has been found that the amplitude is directly pro-
portional to the level of task-related attention, while the
latency reflects the rate of stimulus recognition in a
series presented [46, 47]. The relationship has been
established between 

 

P

 

300 parameters and memory
characteristics: the 

 

P

 

300 peak latency increases as the
size of the short-term and operative memories
decreases [47, 48].

The fact that 

 

P

 

300 parameters are correlated with
the effectiveness of visual perception processes, short-
term memory, and the abstraction function, estimated
using neuropsychological methods, has been reported
in many studies, indicating that an increase in the 

 

P

 

300
peak amplitude is accompanied by the improvement of
attention, calculation, and logical memory functions
[49, 50].

From the 1960s until today, elucidation of the possi-
ble mechanisms underlying the generation of 

 

P

 

300 and
the search for brain structures involved in generating
this potential have been important aspects of the study
of 

 

P

 

300. In this period, many hypotheses, often contra-
dictory, have been made [51–54]. The main difficulty
with locating the sources of long-latency activity is that
long-latency EPs are widely spread, have an irregular
pattern, and show a weak topical relation to specific
brain regions.

It has been found that the 

 

P

 

300 EP recorded by
implanted electrodes from the hippocampus and nuclei
of the amygdalar complex has a shorter latency and a
greater amplitude than that recorded by scalp elec-
trodes. This is explained by the fact that this potential is
generated by the limbic structures. However, no sub-
stantial changes in 

 

P

 

300 were found during examina-
tion of patients who underwent removal of individual
limbic structures from one side, which contradicts the
hypothesis that the primary source of this potential is
located in the hippocampus or amygdala [53, 54].

The relationship between the late components of
cortical potentials and deep brain structures is rather
sophisticated; therefore, hypotheses have been put for-
ward that there are several sources of the 

 

P

 

300 potential
[54, 55]. Some researchers believe that 

 

P

 

300 is gener-
ated by several migrating subcortical and cortical
sources [56], while others, on the basis of their findings,
doubt the presence of cortical generators of 

 

P

 

300,
explaining 

 

P

 

300 generation by electrical activity of
hippocampal structures [57]. Cognitive 

 

P

 

300 EPs have
been recorded in the hippocampus, amygdala, and var-
ious subcortical structures. Data obtained using
implanted electrodes indicate that late components of
the 

 

P

 

300 complex are generated by local postsynaptic

potentials causing changes in the impulse activity of the
globus pallidus and thalamic nuclei [54]. The authors
think that the globus pallidus and ventrolateral thalamic
nuclei are the elements of the system involved in cogni-
tive processing.

Analysis of 

 

P

 

300 topography and three-dimensional
location showed an irregular pattern of the potential
field, evidencing the presence of several sources [58]. A
double-dipole model made it possible to identify cer-
tain phases in generating 

 

P

 

300, with various brain
structures involved. The first phase was immediately
after the long-latency auditory response and included
the 

 

N

 

2 peak associated with stimulus recognition. It
was found that the temporal and supraparietal brain
regions were significantly involved in this phase. The
second phase included the descending part of the 

 

P

 

300
potential and reflected the involvement of the inferopa-
rietal and frontal lobes. In the third phase, which
included the peak of 

 

P

 

300 and the beginning of its
ascending part, the frontal lobes were involved. The
fact that the frontal structures are involved in generating
late components of the cognitive 

 

P

 

300 complex is not
unexpected because this area is associated with the final
recognition of a stimulus and decision making [51, 59–
61]. Thus, the 

 

P

 

300 potential reflects the functioning of
the central brain structures involved in recognition, dif-
ferentiation, and storage of significant stimuli [46].

Finally, it may be concluded that the amplitude–
time parameters of the 

 

P

 

300 potential reflect the loca-
tion and degree of activity of the brain structures
involved in cognitive processing, allowing application
of this method for assessing human psychophysiology,
specifically, cognitive functions.

ANALYSIS OF ENDOGENOUS

 

P

 

300 EVENT-RELATED POTENTIALS
IN THE CLINICAL PRACTICE

OF PSYCHONEUROLOGY

In 1978, Goodin and Squires [62] for the first time
suggested using the endogenous 

 

P

 

300 EP test for
assessing dementia, and since then this test has been
widely used as a tool for objective assessment of cogni-
tive functions in clinical studies [63, 64]. The 

 

P

 

300 test
was recommended for clinical practice by the Interna-
tional Federation of Clinical Neurophysiology and the
American Association of Clinical Neurophysiology in
1993 [3].

Specific changes in 

 

P

 

300 have been reported for
both organic and mental disorders of the nervous sys-
tem, aging, dementia, depression, schizophrenia, mem-
ory impairment, etc. 

 

P

 

300 parameters such as a
decreased amplitude, an increased latency, and the
absence or instability of the response are of the highest
diagnostic value [58, 65]. The fact that cognitive EPs
are sensitive to structural and functional changes in the
brain systems makes it possible to use the EP test for
evaluating the effectiveness of treatment [32].
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As noted above, many factors ensuring cognitive
activity at a given moment, mainly, operative memory,
decision making, and selective attention functions,
affect the generation of the 

 

P

 

300 potential [46, 66, 67].
A close correlation was established between the degree
of prolongation of the endogenous potential latency and
the intensity of cognitive impairments [46, 68–70]. For
mild cognitive impairments and mild cortical-type
dementia, the latency was 15–30% higher than that nor-
mal for a given age [3]. An increase in 

 

P

 

300 latency was
observed even for primary signs of impaired cognitive
functions, i.e., at the preclinical stage of dementia. For
pronounced cognitive impairments, the latency
increased by 56% in patients with cortical-type demen-
tia and by 38.5% in patients with subcortical-type
dementia. Both the increase in the latency and the
decrease in the amplitude of the cognitive potential
were the greatest in patients with severe Alzheimer’s
dementia, exceeding those in patients with severe sub-
cortical-type dementia [71]. The differences in 

 

P

 

300
peaks between two types of dementia were the greatest
for the 

 

P

 

300 latency–amplitude ratios, indicating the
intensity of cognitive impairments. This ratio was sig-
nificantly higher in cortical-type than subcortical-type
dementia [58]. Similar changes in 

 

P

 

300 for two types
of dementia were reported by other researchers [64].

The 

 

P

 

300 test is widely used for objective differen-
tial diagnosis of subcortical (Huntington’s chorea and
Parkinson’s disease) and cortical (Alzheimer’s disease
and vascular dementia) types of dementia [65]. In
dementia of the subcortical–frontal type, there was an
increase in the latencies of the early 

 

N

 

1 and 

 

P

 

1 compo-
nents of the response to a stimulus, which were
recorded up to 200 ms after the stimulus presentation
and reflected the level of perception and physical prop-
erties of the stimulus, and of the late

 

 N

 

2 and 

 

P

 

3 (

 

P

 

300)
components of the response, which were recorded
200 ms after the stimulus presentation and reflected the
state of cognitive functions. In frontal-type (Alzhe-
imer’s) dementia, the latencies of only late components
of the response were prolonged [64]. Patients with two
types of cognitive impairments exhibited an increase in
the 

 

P

 

300 peak latency and a significant decrease in the
amplitude of the cognitive components of this potential
[58].

A close correlation was observed between the
changes in 

 

P

 

300 amplitude–time parameters and the
degree of cognitive impairments: the greatest changes
in 

 

P

 

300 parameters (an increase in the latency and a
decrease in the amplitude) were observed in patients
with severe cognitive impairments [3, 59]. Accompa-
nied by increasing severity of cognitive impairments,
both an increase in 

 

P

 

300 latency and a decrease in 

 

P

 

300
amplitude were reported for Alzheimer’s disease, vas-
cular dementia, and Parkinson’s disease [45, 70]. Anal-
ysis of 

 

P

 

300 parameters [58, 63, 65] showed that the

 

P

 

300 test was helpful in detecting dementia and in dif-
ferentiating dementia from functional disorders in
patients with cognitive impairments caused by vascular

or degenerative diseases of the brain, depression, head
injury, and alcoholic intoxication [72].

A statistically significant decrease in 

 

P

 

300 peak
amplitude was observed in early Alzheimer’s disease
without pronounced clinical manifestations [73], and
both an increase in 

 

P

 

300 latency and a decrease in 

 

P

 

300
amplitude were recorded for early cognitive subcorti-
cal- and cortical-type impairments caused by vascular
diseases [58]. Similar results were observed in patients
having cognitive impairments other than dementia,
with hemodynamically relevant stenoses of the internal
carotid artery [74]. The authors think that a smoothed
shape of the wave and a decrease in the 

 

P

 

300 amplitude
are of additional diagnostic importance for detecting
early cognitive impairments. Numerous studies showed
a decrease in the amplitude and an increase in the
latency of the 

 

N

 

2 and 

 

P

 

3 components of cognitive P300
in patients with Parkinson’s disease without clinical
manifestations of dementia [75–77]. Magnetic reso-
nance imaging (MRI) and computer tomography scan-
ning of the brain showed a decreased volume of the hip-
pocampus and frontal lobe atrophy in the above patients
[78, 79].

The P300 peak amplitude in early Parkinson’s dis-
ease was abnormally increased as compared to that
recorded in sex- and age-matched healthy subjects [49].
The authors explained this fact as reflecting a higher
mobilization of attention and memory resources for
performing a task in order to compensate the existing
impairments of the brain function.

A number of researchers believe that latency prolon-
gation can be observed only in dementia patients and
cognitive abilities significantly decrease with age [80].
Neuropsychological data are consistent with an age-
related increase in P300 latency [36].

EPs are most widely used in neurological diseases,
mainly in multiple sclerosis. Cognitive P300 EPs are
the most specific for investigating higher mental func-
tions in disseminated sclerosis. Both visual and audi-
tory stimulation led to a decrease in the amplitude and
an increase in the latency of the N2 and P3 (P300) com-
ponents. In patients with changes in P300 parameters,
the number of mistakes and the response time exceeded
those in both healthy subjects and multiple sclerosis
patients whose P300 parameters were normal. In
patients with pathological changes in cognitive poten-
tials, brain damage was more extensive, as confirmed
by MRI, and psychopathological symptoms (decreased
intelligence and memory) were more pronounced [81].
It was found that a decrease in the P300 peak amplitude
and an increase in the P300 peak latency were corre-
lated with the impairment of nonverbal functions,
abstract thinking, memory, and attention caused by a
substantial impairment of the integrative cortical activ-
ity because of massive demyelination of thalamocorti-
cal systems [82].

Endogenous P300 EPs have been used for assessing
higher cortical functions in cerebrovascular impair-
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ments. The P300 peak latency was significantly
increased relative to the normal value and the P300
peak amplitude was decreased, with a rather marked N2
peak, in a patient with transitory ischemic attack
accompanied by hypomnesia and a 6-h episode of tran-
sitory global amnesia. The findings were interpreted as
reflecting the impairment of cognitive functions caused
by defective storage and a reduced volume of operative
memory for current events rather than by the difficulty
of recognition of a significant stimulus [58]. In patients
with multiple lacunar dementia, prolongation of the N2
component was correlated with the response time. Con-
sidering the relationship between the N2 component
and stimulus recognition, the reported data may indi-
cate alteration of the relations between the frontal lobes
and subcortical structures because of multiple lacunar
infarcts [31].

In patients with Huntington’s disease, a hereditary
neurodegenerative disease characterized by cerebral
and caudate nucleus atrophy, the N2 component was
absent, the P300 peak latency was increased, and the
P300 peak amplitude was substantially decreased, evi-
dencing the impairment of cognitive functions related
to stimulus recognition and differentiation (the absence
of N2) and decision making and a decrease in operative
memory [58].

In epileptic patients, changes in cognitive P300 EPs
were explained by the impairment of the hippocampal
mechanisms of memory [83]. The use of the endoge-
nous P300 potential test in epilepsy is explained by two
factors, one of which is substantial cognitive changes,
especially in childhood. The other factor, no less impor-
tant, is long-term administration of antiepileptic drugs,
resulting in a decrease in cognitive functions. There-
fore, the P300 test for monitoring side effects associ-
ated with antiepileptic treatment will be helpful in epi-
lepsy [3].

Endogenous P300 potentials have been used in met-
abolic and neurotoxic disorders. Prolongation of the
P300 latency is a sensitive indicator of uremic enceph-
alopathy. The degree of prolongation of the P300 peak
latency can be used for determining whether it is neces-
sary to perform dialysis and for evaluating its effective-
ness because the postdialysis improvement of health
status was accompanied by a decrease in the P300
latency [84]. The P300 test can be used for detecting
and estimating the severity of encephalopathic disor-
ders in diseases leading to cirrhosis. Prolongation of the
P300 peak latency was observed in patients with cirrho-
sis, and prolongation of the N1 and N2 component
latencies was observed in severe cirrhosis [84]. In the
double-choice test, a decrease in the amplitude was cor-
related with the degree of metabolic disorders [85].
Similar changes in the parameters of endogenous
potentials, i.e., an increase in the P300 latency and a
decrease in the P300 amplitude, were recorded for
hepatolenticular degeneration (Wilson–Konovalov dis-
ease), characterized by concomitant damage to the

internal organs and the brain. In patients with a long
history of this disease, latency prolongation was similar
to that typical of dementia (>500 ms) [58].

Fewer papers have focused on the effect of nootro-
pic agents on the cognitive functions. Analysis of the
effectiveness of treatment with Cerebrolysin and Tana-
kan showed that a decrease in the P300 latency and an
increase in the P300 cognitive complex amplitude were
the most marked in patients receiving Tanakan [86].

A passive perception task can be applied to assess-
ing cognitive EPs in severe cognitive impairments [87].
This method is rather simple and significantly facili-
tates the assessment of cognitive functions in children
with developmental delays.

Analysis of endogenous P300 EPs showed that the
N2 and P3 components of the P300 complex depended
on the age and state of cognitive functions, while the
sensory part of the response (a long-latency auditory
potential), which is related to stimulus perception,
slightly depended on the age and did not depend on the
state of cognitive functions. A decrease in the P300
amplitude and an increase in the P300 latency were sta-
tistically significant even in preclinical cognitive
impairments. In patients with both cortical and subcor-
tical types of impairments, the severity of cognitive
impairments was correlated with more substantial
changes in the P300 complex. With increasing cogni-
tive impairments, the P300 latency increased and the
P300 peak amplitude decreased.

Many papers deal with cognitive EPs in endogenous
psychoses. Much attention has been focused on cogni-
tive P300 EPs in schizophrenia because they may be
helpful for objective assessment of certain aspects of
information processing and thinking: subjective evalu-
ation, classification, image recognition, memory, deci-
sion making, performing operations, etc. [88]. A
decrease in the P300 peak amplitude was correlated
with certain symptoms, specifically, negative symp-
toms in schizophrenic patients [89, 90]. In schizo-
phrenic versus healthy patients, P300 was asymmetri-
cal; i.e., the amplitude of its late components was lower
in the left hemisphere [91]. A decrease in the P300
amplitude was observed in autistic patients [92]. Pro-
spective family studies showed a decrease in the P300
peak amplitude and an increase in the P300 peak
latency in relatives of schizophrenic patients. Pro-
longed latencies of the N200 and P300 components
were recorded in children at risk for schizophrenia (one
of the parents had schizophrenia) [93]. Although the
P300 amplitude depends on the degree of interest in the
task performed in both healthy and schizophrenic sub-
jects, abnormal amplitudes of cognitive EPs are often
considered to be attention disorders in schizophrenia
[94]. Some authors tried to elucidate whether these
abnormalities are caused by a lack of resources for
information processing or by increased distractibility.
For these purposes, they analyzed parameters of indi-
vidual rather than averaged P300 responses in schizo-
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phrenic patients. It was found that the P300 potential
was absent in about 30 versus 18% of tests, the results
of which are usually averaged, in schizophrenic and
healthy subjects, respectively. In addition, a decrease in
the P300 amplitude was observed in all individual tests
in schizophrenic patients. The authors concluded that a
decrease in the mean P300 peak amplitude showed that
schizophrenic patients were more distracted and had
fewer resources for processing target stimuli [95].
Changes in cognitive EPs were not specific for schizo-
phrenic disorders and could be observed in some other
psychic diseases [96]. For endogenous depression, the
P300 peak amplitude was decreased in the Fz deriva-
tion and the P300 peak latency was increased in the Pz
derivation [97]. Both endogenous and neurotic depres-
sions are characterized by a decreased P300 peak
amplitude, increased P300 peak latency, fuzzy peak
shape, and abnormal topography. Moreover, in endoge-
nous depression, there was a significant negative corre-
lation between the P300 amplitude and the depression
severity estimated by the Hamilton Anxiety Scale
(HAS). In neurotic depression, no such correlation was
observed [98].

Fewer papers have focused on cognitive P300 EPs
in patients with anxiety disorders. When used for inves-
tigating psychophysiological features in panic disor-
ders, the auditory event-related potential (ERP) test
showed that, in panic patients, the amplitudes of the N1
and N2 components of the response to target stimuli
and of the N1 component of the response to nontarget
stimuli were significantly increased as compared to
those in healthy subjects. There were no significant dif-
ferences in the P300 amplitude and latency between
these two groups. An increase in the amplitude of the
early N1 and N2 components was interpreted as a
change in early information processing in panic disor-
ders [99]. In studies with panic patients and healthy
controls, body-related (somatic) and nonsomatic words
were presented tachistoscopically for correct identifica-
tion. Fifty percent of the words were neutral [100].
Behavioral (the proportion of words correctly recog-
nized) and electrocortical (event-related brain poten-
tials) measures were recorded. Panic patients recog-
nized more body-related than nonsomatic words and
exhibited significantly larger P300 amplitudes and
enhanced positive slow waves (600–800 ms after the
stimulus presentation). In healthy controls, the number
of correctly recognized words and the ERPs were not
differently affected by the two word types. These
results are consistent with cognitive models of panic
disorders, assuming that certain bodily sensations are
perceived and processed in an affective manner that dif-
ferentiates panic patients from healthy controls [100].
A 1.5-year follow-up study showed that, although no
significant correlations between neurophysiological
and psychometric measures could be found at the onset
of the study, there was a significant correlation between
the improvement over the follow-up period and the
neurophysiology. A decline in the HAS, which proved

to be the best estimate of the improvement, was associ-
ated with the relative magnitude of the positive slow
wave elicited by somatic stimuli. These findings sup-
port cognitive models of panic disorders, which stress
that abnormal processing of bodily symptoms is rele-
vant for the development and maintenance of the disor-
der [101]. An increase in the P300 amplitude was
recorded in panic disorders (panic attacks) by other
researchers and was interpreted as reflecting an
increase in the excitability of cortical neurons and in
orientation reaction [102].

Patients with obsessive–compulsive disorders
showed either a decrease [103, 104] or an increase
[105, 106] in the P300 peak amplitude in response to
target stimuli. This was interpreted as hyperactivation
of neurons of the frontal cortical area, which reflects a
lack of cognitive functions (memory or selective atten-
tion) in these patients [107]. In veterans with combat-
related posttraumatic stress disorder (PTSD), the P300
component amplitude was lower than that in military
men without PTSD [108].

The cognitive EP test has been used for examining
patients with pain syndromes. To examine the differ-
ences in cognitive processing between chronic and epi-
sodic pain sufferers, auditory ERPs were recorded in
two consecutive trials from chronic lower back pain
patients, episodic tension-type headache sufferers, and
age- and sex-matched healthy subjects. The P3 latency
and amplitude showed no differences between groups
in the first trial. In an analysis of the P3 latency habitu-
ation, healthy controls and the episodic tension-type
headache sufferers showed a significant change in the
P3 latency, whereas the lower back pain sufferers failed
to show such a change. The lower back pain sufferers
significantly differed from the healthy controls in the
amount of the P3 latency habituation. The P300 ampli-
tude habituation was considerable only in the healthy
controls. There were no differences in the P300 ampli-
tude habituation between the groups. No correlation
was observed between the P300 habituation, age, dis-
ease duration, and severity of symptoms. The authors
suggest that the changes in the P300 peak latency point
to attention disorders in chronic pain sufferers. They
believe that, although cortical information processes
are similar, brain structures involved in decision mak-
ing and memory processes seem to work differently
during repeated tasks in the chronic pain sufferers and
episodic pain sufferers. Considering the reported
abnormalities of the P3 habituation, the authors suggest
that the involvement of temporal structures during
migraine headache, rather than pain location, may
cause attention disorder [109]. P300 ERPs were studied
in migraine without aura sufferers and episodic tension-
type headache sufferers during both pain-free periods
and spontaneous headache attacks. No abnormalities of
either P300 latency or N2–P3 amplitude were recorded
in either group during the interictal period. Similarly,
no abnormalities of the P300 parameters were recorded
in the tension-type headache subjects during headache
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attacks. However, an increase in the N2–P3 latency and
amplitude was significant in migraine sufferers [110].
The authors discuss the data in terms of etiopathogenic
theories of migraine and the hypothesis that acetylcho-
line and norepinephrine are the neurotransmitters capa-
ble of affecting P300 ERPs reflecting cerebral activity
during sensory information processing and analysis
[110]. Another study was performed in patients with a
diagnosis of headache according to International Head-
ache Society criteria: migraine without aura, migraine
with aura, cluster headache, chronic paroxysmal hemi-
crania, episodic tension-type headache, and ergotamine
headache. Age-matched healthy subjects served as a
control group. ERPs were evoked by a visual oddball
paradigm involving flashes of light (85% white light
and 15% red light). The ERP parameters were evalu-
ated separately for the first and the second 200 stimuli
and for the whole series of stimuli. A decrease in the
P300 latency was recorded during the second trial for
migraine with and without aura, but not for other types
of headache and not for healthy controls. A loss of cog-
nitive habituation in migraine may serve as a specific
diagnostic tool. Both migraine and cluster headache
specifically modify cognitive processes, causing either
a loss of cognitive habituation or an increase in the time
of cognitive processes. These effects can be counterbal-
anced by antimigraine therapy [111]. In another study,
visual P300 ERPs (two consecutive trials of 200 stimuli
each) were recorded in children and adolescents suffer-
ing from migraine with or without aura, episodic ten-
sion-type headache, and ergotamine headache [112].
No statistically significant differences in P300 aver-
aged parameters were found between all types of head-
ache and healthy controls. However, a separate analysis
of the first and second trials showed a highly significant
loss of cortical habituation in migraine with and with-
out aura as measured by the P300 amplitude and
latency. This phenomenon increased with age and could
not be observed in the healthy controls or the patients
with tension-type headache or ergotamine headache.
These findings suggest that cognitive processes are spe-
cific in migraine and similar in children and adoles-
cents. Measurement of the habituation of the P300
latency and amplitude is a specific method for differen-
tiating primary headaches in children and adolescents
[112].

The relationship between the accuracy of cognitive
processing and components of ERPs (P300) was ana-
lyzed in 21 young healthy subjects [113]. A benzodiaz-
epine was used to manipulate the cognitive state of the
subjects. The authors recorded serial changes in P300,
choice reaction time (CRT), and error ratio before and
after an oral administration of 0.4 mg of alprazolam.
After the administration, the coefficient of variation of
CRT tended to decrease in 9 subjects (group I) and to
increase in 12 subjects (group II). Prolongation of the
P300 latency was observed in all subjects after treat-
ment but was more marked in group II than group I. In
group I, there were neither errors nor significant differ-

ences in the P300 amplitude before and after the treat-
ment. In group II, alprazolam caused a decrease in the
P300 amplitude and an increase in the error ratio,
which were significant. The findings suggest that both
the accuracy and the P300 amplitude were unchanged
when the central nervous system managed to reduce
fluctuations in CRT, although both the P300 amplitude
and the error ratio increased because of impairment of
these processes [113].

Note that changes in amplitude–time parameters,
specifically, the P300 component, are typical of the
above diseases and are not unexpected because this
component reflects the state of cognitive functions,
including selective attention and short-tem memory
[12, 46, 47, 50, 67], which are impaired to a certain
extent in these diseases [58, 82, 94, 98].

Changes in P300 are not nosologically specific
because an increase in the P300 peak latency, a
decrease in the P300 peak amplitude, and abnormal
habituation of the P300 peak are observed in various
diseases accompanied by the impairment of cognitive
functions. Generally, changes in the P300 component
reflect the impairment of selective attention and short-
term memory, which are of syndrome nature, and can
be observed in diseases of various etiology.

CONCLUSIONS

The P300 ERP test is widely used for investigating
the brain mechanisms of higher mental functions and
for objective detection of cognitive impairments. P300
potentials are interpreted as a correlate of processes
related to stimulus recognition and differentiation, the
level of selective attention, decision making, storage or
operative memory, orientation reaction, etc. The main
structures that are involved in generating P300 are the
hippocampus, frontal lobe, and parietal area; subcorti-
cal structures; and nonspecific thalamic nuclei. Accord-
ing to neuropsychological examination, a shorter
latency and a greater peak amplitude of P300 are typi-
cal of subjects with better cognitive abilities: the ampli-
tude is directly proportional to the volume of operative
memory and the level of task-related attention, while
the latency is inversely proportional to the same. In
women, the visual P300 EP has a shorter latency and a
greater amplitude than in men. There is a clear age
dependence of P300 parameters, which allows special
aging curves to be plotted.

Today, endogenous ERPs are widely used in clinical
practice. A close correlation has been established
between the degree of changes in endogenous poten-
tials and the severity of cognitive impairments: the
greatest changes in P300 parameters (an increase in the
latency and a decrease in the amplitude of response) are
observed in patients with severe cognitive impairments.
The P300 test can be used for objective differentiation
of subcortical (Huntington’s and Parkinson’s diseases)
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and cortical (Alzheimer’s disease and vascular demen-
tia) types of dementia.

An increase in the P300 peak latency and a decrease
in the P300 peak amplitude were recorded for early
cognitive impairments of both cortical and subcortical
types without pronounced clinical manifestations, mak-
ing it possible to use the P300 test for early detection of
preclinical dementia.

During the treatment of patients with vascular
dementia and anxiety impairments, a significant posi-
tive correlation was established between the impair-
ment of cognitive functions and normalization of P300
parameters, making it possible to use the endogenous
EP test for objective evaluation of the recovery of cog-
nitive functions during rehabilitation.

The amplitude–time parameters and P300 peak
habituation can be used for differential diagnosis of
dementia and depressive disorders, primary and sec-
ondary headaches, and primary headaches in children
and adolescents.

Changes in P300 are not nosologically specific;
they are of syndrome nature and are mainly associated
with impairments of selective attention and short-term
memory.
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