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Abstract—One approach to the problem of determining the mechanisms coupling the structure and functions
of the brain is studies in clinical populations aimed at assessing the presence or absence of congruence of ana-
tomical/morphological and functional abnormalities. Magnetic resonance imaging (MRI), including struc-
tural MRI and diffusion tensor imaging with tractography, as well as the recording of auditory event-related
potentials (ERPs) in the standard two-tone oddball paradigm and the sensory gating paradigm, was conducted
in 26 male patients with paroxysmal juvenile schizophrenia and 26 mentally healthy men with no family his-
tory of mental illness. MRI abnormalities have been found in the genu of the corpus callosum and fasciculus
uncinatus of the left hemisphere of the patients. Reduction of the fractional anisotropy in the genu of the cor-
pus callosum was correlated with P300 reduction in the right temporal region.
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Despite decades of intense research, the mecha-
nisms of structure–function relationship in the brain
are far from being unambiguously identified.

Studies in clinical populations allowing the con-
gruency between anatomical/morphological abnor-
malities and functional ones or the absence of this
congruency to be established is an important approach
to this issue.

Here, we used this approach when analyzing data
on patients with paroxysmal juvenile schizophrenia,
with special emphasis on the relationship between
cerebral pathways and characteristics of auditory
information processing.

At the current stage of research, these characteris-
tics were estimated using two neurophysiological tech-
niques: recording auditory event-related potentials
(ERPs) using the oddball [1] and sensory gating para-
digms (in a modification using the N100 wave) [2].
The results of numerous studies indicate that schizo-
phrenia is accompanied by pathological changes in the
ERP parameters recorded using both paradigms; these

changes are regarded as markers of disturbance in the
processes involved in selective attention, maintenance
of working memory, and estimation of a completed
action in the former case [3] and “filtration” of
incoming information in the latter case [4].

Deviations of microstructural characteristics of
cerebral pathways in schizophrenia has been described
in many studies, the topography of abnormalities
encompassing almost all main tracts, including the
superior and inferior longitudinal fasciculi, corpus
callosum, fasciculus uncinatus, and cingulum bundle
[5–11].

The use of the corpus callosum as the object for
analysis in this part of research was related both to the
continuation of previous studies [12] and to the fact
that microstructural abnormalities in this structure are
among the most common findings in schizophrenic
patients [7, 8, 13, 14]. In addition, we analyzed the
microstructural characteristics of the fasciculus unci-
natus connecting the frontal and temporal cortices,
the areas that, first, are involved in the pathogenesis of
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schizophrenia and, second, contain a number of gen-
erators of the ERP waves tested [15–18].

It should be emphasized that, judging by available
publications (http://www.ncbi.nlm.nih.gov/pubmed/),
few studies have addressed the relationships between
the aforementioned anatomical and neurophysiologi-
cal parameters. For example, Whitford et al. found the
relationship between the characteristics of the genera-
tion of the N100 wave of auditory ERPs and fractional
anisotropy of the fasciculus uncinatus in schizo-
phrenic patients [19]. However, these authors used a
different paradigm of neurophysiological studies.

METHODS
The study was carried out in compliance with the

ethical principles stated by the Helsinki Declaration of
the World Medical Association. All subjects signed an
informed written consent to participate in the study.

The exclusion criteria in selecting the subjects
included exacerbation of a somatic disease, hearing
impairment, drug or alcohol addiction, a severe neu-
roinfection, or a history of head injury accompanied
by an unconscious state for more than 5 min. All the
subjects were right-handed.

Twenty-six male schizophrenic patients and
26 mentally healthy men (the control group) aged
16.5–28 years were enrolled in the study; there was no
significant age difference between the groups (22.2 ±
3.1 vs. 22.6 ± 2.7 years; t = –0.69, p = 0.50).

We examined in- and outpatients of the Mental
Health Research Center, Moscow, Russia, at the first
stage of endogenous illness (no more than five years
after the onset) who had experienced the first or
repeated psychotic state in the course of schizophrenia
(F20 according to the 10th revision of the Interna-
tional Classification of Diseases, ICD-10). Each
patient received individually selected antipsychotic
treatment. The patients were examined at the stage of
reduction of active psychotic symptoms with alternat-
ing autochthonous and reactively provoked periods of
exacerbation of psychotic symptoms and development
of affective disorders, subpsychotic disorders accom-
panying gradual stabilization. The average severity of
psychopathological disorders estimated by the positive
and negative syndrome scale (PANSS) [20] was 59.5 ±
11.7 for the total scale and 11.0 ± 2.6 and 18.5 ± 5.1 for
the total subscales of positive and negative syndromes,
respectively. The clinical and neurophysiological
examinations were performed a day before, or on the
same day as, magnetic resonance imaging (MRI).

Auditory ERPs were recorded by means of a Neu-
roKM hardware and software suite (Statokin, Russia)
coupled with an audio generator (MBN, Russia); the
results were processed using the Brainsys software
(Neurometrics, Russia). The samples that passed the
neurophysiological examination were smaller
(22 patients and 25 control subjects in the study using

the oddball paradigm and 21 patients and 24 control
subjects in the sensory gating study). In some cases, the
numbers of the parameters compared were smaller
because some ERP parameters were absent in a few
derivations.

The bioelectrical brain activity was recorded from
the F3, F4, T3, C3, Cz, C4, and T4 sites (the Interna-
tional 10–20 System), with linked earlobe electrodes
serving as a reference electrode. The bandpass was
0.3–70 Hz (with subsequent off line filtration; range,
1.6–30 Hz); the sampling rate was 500 Hz in oddball
studies and 1000 Hz in sensory gating studies.

The recording of auditory ERPs in the oddball para-
digm was performed with a probability of presentation
of the significant, target stimulus (a tone with a fre-
quency of 2 kHz and an intensity of 60 dB) of 0.2 and
that of presentation of the insignificant, non-target
stimulus (a tone with a frequency of 1 kHz and an
intensity of 60 dB) of 0.8. The interval between stimuli
was 2 s (varying within 20%). The subject was
instructed to press a button with his right thumb in
response to the target stimuli and omit the non-target
ones. A short training session was carried out at the
beginning of examination.

After manual elimination of artifacts, we averaged
the fragments of bioelectrical activity in response to
the first 30 correctly recognized target stimuli and the
first 115 correctly recognized non-target stimuli (sep-
arately for each subject). The epoch of analysis was
700 ms; the prestimulus interval (relative to which the
data were corrected) was 200 ms. Peak latencies and
amplitudes of the P300 and N100 waves (ERPs in
response to target and non-target stimuli, respectively)
were analyzed.

The recording of auditory ERPs in the sensory gating
paradigm was performed using pairs of auditory stim-
uli (60 dB, 1000 Hz) at intervals within a pair and
between pairs of 500 ms and 10 s, respectively (varying
within 20%). The epoch of analysis was 500 ms; the
prestimulus interval was 100 ms. For each subject, the
ratio between the amplitudes of the N100 wave in the
ERPs in response to the second and the first stimuli
was analyzed.

The diffusion tensor imaging study was carried out
using a Phillips Achieva magnetic resonance tomo-
graph (Netherlands) with a magnetic field strength of
3 T equipped with a Dual Quasar gradient system and
an eight-channel receiver radio-frequency coil for the
head, with an in-built ViewForum software package.

An echoplanar impulse sequence was used (time of
echo (TE), 70 ms; rotation angle, 90°; field of view,
240 mm; voxel size, 1.7 × 1.7 × 2 mm; gap (section–
section distance), 0). The diffuse gradients were
applied in 32 noncollinear directions with a
diffusion factor b = 800 s/mm2 and in a single direc-
tion with b = 0.

The data were treated by means of a Philips
Extended MR Workspace 2.6.3.4 workstation using
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the Fiber Track option and superposition onto three-
dimensional anatomical images.

We examined the corpus callosum (the genu and
splenium regions) and the fasciculus uncinatus in the
left and right hemispheres. In no case did the numbers
of voxels in the area of interest in the patients and
mentally healthy subjects differ significantly (22.2 ±
1.9 vs. 23.2 ± 3.2, t = –1.5, p = 0.15; 33.8 ± 6.6 vs.
33.9 ± 6.3, t = –0.5, p = 0.98; 925.2 ± 434.1 vs.
907.4 ± 417.9, t = –0.16, p = 0.88; 1005.9 ± 407.6 vs.
1152.0 ± 353.8, t = –1.4, p = 0.16, respectively). The
fractional anisotropy index was used for analysis.

Statistical analysis was performed using the
SPSS16.0 software. The Kolmogorov–Smirnov test
was used to test the normality of distribution; Stu-
dent’s t test was used for intergroup comparisons;
Spearman’s rank-order correlation coefficient (rsp),
for correlation analysis. In this study, we performed
intergroup comparison (patients versus mentally
healthy subjects) with respect to the entire profile of
the characteristics estimated (separately for each
method); after that, we analyzed correlations between
all parameters that were found to be significantly
changed in the patients.

RESULTS AND DISCUSSION
The table summarizes the results of intergroup

comparison; only the parameters that significantly
differed (p < 0.05) in the patients and control subjects
are shown. These were the fractional anisotropy, latent
period and amplitude of the Р300 wave, and ampli-
tude of the N100 wave of the ERPs to insignificant
stimuli in the oddball paradigm.

As seen from the table, the patients were character-
ized by a lower fractional anisotropy in the genu of the
corpus callosum and the fasciculus uncinatus of the
left hemisphere, longer latent periods of the Р300
wave, a smaller amplitude of this wave in the right
temporal area, and smaller amplitudes of the N100
wave of ERPs to non-target stimuli. No significant
differences in the sensory gating index were found.

In the group of patients, the higher the fractional
anisotropy index in the genu of the corpus callosum,
the higher the Р300 amplitude in Т4 was (r = 0.63, р =
0.002).

The profile of neurophysiological deviations in
terms of ERPs recorded using the oddball paradigm
found in schizophrenic patients (a decreased ampli-
tude of the N100 wave of ERPs to insignificant stimuli
and a decreased amplitude and an increased latency of
the Р300 wave of ERPs to significant ones) corre-
sponds to published data and can be interpreted as a
reflection of disturbed selective attention in this dis-
ease [3]. The absence of statistically significant devia-
tions of the “sensory filter” index in schizophrenic
patients has also been reported [21], although most
studies have found such abnormalities [22, 23]. This

discrepancy may be related to the relatively short dura-
tion of the disease and young age of the patients exam-
ined in our study (which suggests larger compensatory
capacities of the brain and a smaller extent of struc-
tural and functional impairments). This also explains
why we have detected deviations of Р300 parameters
(markers of the maintenance of working memory)
only in a few derivations.

Structural abnormalities have been found in the
genu of the corpus callosum and the fasciculus unci-
natus of the left hemisphere of the patients, which also
agrees with data published by other authors [7, 8, 13,
14, 24, 25] and, regarding the genu of the corpus cal-
losum, with our earlier data [12]. A decreased frac-
tional anisotropy is attributed to more poorly struc-
tured and/or fewer subunits of the tracts; therefore,
the abnormalities detected are most likely to reflect
microstructural changes in the aforementioned brain
areas in this disease.

We found only one statistically significant inter-
level (MRI–ERP) correlation: a decreased fractional
anisotropy in the genu of the corpus callosum was
accompanied by a lower P300 amplitude in the right
temporal area. Probably, these two parameters were
related because the fibers connecting the left and right
prefrontal cortices, where a number of Р300 wave gen-
erators are located, pass through the genu of the cor-
pus callosum [15]. At the same time, it should be
emphasized that this relationship has been found for
only one derivation; hence, this result should be con-
firmed in a larger sample. It is also noteworthy that the
sample of schizophrenic patients examined in this
study consisted of young patients at early stages of the
disease, whereas, as Premkumar et al. [26] showed in
2008, the correlations between structural and func-
tional parameters are substantially stronger in chronic
and older patients than in younger patients during the
initial episode of the disease.

CONCLUSIONS
(1) Patients with juvenile paroxysmal schizophre-

nia are characterized by microstructural abnormalities
of the genu of the corpus callosum and the fasciculus
uncinatus of the left hemisphere, as well as smaller
fractional anisotropy indices, larger peak latencies of
the Р300 wave of auditory ERPs, lower Р300 ampli-
tudes in the right temporal area, and lower amplitudes
of the N100 wave to non-target stimuli compared to
healthy subjects.

(2) The fractional anisotropy in the genu of the
corpus callosum is significantly positively correlated
with the Р300 amplitude in the right temporal area.
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