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I Abstract
Introduction and Objective. The aim of the study was to evaluate the peripheral level of brain-derived neurotrophic
factor (BDNF) and matrix metalloproteinase-9 (MMP-9) during rehabilitation therapy, combined with neurofeedback in
schizophrenic patients, and to investigate whether these biomarkers are related to psychopathological symptoms, changes
in auditory evoked potentials (AEPs), and quantitative EEG (QEEGSs) mapping.
Materials and method. The study involved two groups of patients diagnosed with paranoid schizophrenia in partial
remission who participated in a 3-month structured rehabilitation programme combined with neurofeedback (REH group)
and a standard support group (CON group). The following parameters were assessed: BDNF and MMP-9 serum levels, AEPs,
QEEGs, and psychopathological symptoms (PANSS).
Results. A clinical improvement within the 3-month rehabilitation therapy course was correlated with the increase in
BDNF and MMP-9 serum level. Despite the increase in BDNF and MMP-9 during the 3-month rehabilitation therapy, it was
not possible to demonstrate any strong and significant correlation between the 2 examined neuropeptides. During the
3-month rehabilitation therapy, the theta waveform share reduction in QEEG, P50 latency reduction and amplitude increase
correlated with PANSS Total and MMP-9 results.
Conclusions. All clinical (PANSS Positive, Negative, General, Total) and biochemical results (BDNF, MMP-9) of the REH group
changed significantly over the 3-month period. Positive symptoms improved only in the CON group.
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1 Abbreviations
AEPs — auditory evoked potentials; BDNF - brain-derived neurotrophic factor; CNS - central nervous system; DC - direct
current; EEG - electroencephalogram; GSR - galvanic skin response; ICD - international classification of diseases; MMP-
9 - matrix metalloproteinase-9; NF — neurofeedback; NPS — neuropeptide S; PANSS - positive and negative syndrome
scale; SCL - skin conductance level; SCRs — skin conductance responses; TIMP - tissue inhibitor of metalloproteinease-9;
QEEG - quantitative electroencephalogram

INTRODUCTION other systems. There are differences in the function of both

neuropeptides and neurotransmitters, which include different

Various abnormalities of the neuropeptide system have
been found in patients with a diagnosed with schizophrenia
[1-5]. Currently, there is no evidence of either a primary
or secondary relationship between neuropeptides and the
symptomatology of schizophrenia, which is closely related
to its etiopathogenesis. Neuropeptide hypotheses are
part of a larger group of the etiopathogenetic concepts of
schizophrenia related to various disruptions in neuronal
signalling in the central nervous system (CNS), involving
neurotransmitters, neuropeptides, hormones, cytokines, or
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activity, response, and site of action. Neuropeptides show a
slower action that develops gradually, causing an apparent
change in the modulation of the regulatory mechanism of
gene expression and metabolic pathways.

A meta-analysis reported that the level of peripheral brain-
derived neurotrophic factor (BDNF) might be changed in
schizophrenia, however, with considerable heterogeneity
in the serum results and the lack of BDNF level studies
depending on the treatment phase [6]. BDNF, a key regulator
of synaptic plasticity, is initially synthesized as a precursor
protein preproBDNF, and finally proBDNF is transformed
into mature BDNF by extracellular protease, such as matrix
metalloproteinase-9 (MMP-9) [2]. Also, MMP-9 is converted
from its inactive form (pro-MMP-9) into active MMP-9 under
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the influence of the tissue inhibitor of metalloproteinase
(TIMP) [2, 7-14]. Abnormal MMP-9 activity may influence
BDNF and hypothetically lead to the deficit syndrome
which is the holy grail of the neurodevelopmental theory of
schizophrenia [13, 15-20]. Some specific BDNF and MMP-9
genotypes show significantly higher Positive and Negative
Syndrome Scale (PANSS) scores and could be understood as
the biomarkers of schizophrenia patients [5].

Schizophrenia is a chronic, relapsing mental illness with
a gradual course. It is characterized by the development of
cognitive, social, educational and occupational deficits [3,13].
In addition, there are disturbances in thinking, perception,
communication, as well as shallowed and maladjusted affect
(emotional expression). Approximately half of the patients
remain in a residual or actively psychotic state, despite
pharmacological treatment [21]. Patients with a diagnosis of
schizophrenia should be offered other support programmes,
such as cognitive training or more complex rehabilitation
therapies.

The effectiveness the above methods is related to the
mechanism of stimulation which results in the restricting
of neuronal connections [22-24]. Reorganization of
neuronal circuits (anatomical) is dependent on biochemical
changes and changes in action potential in dendritic spikes
(spourting). These changes result in an increased release
of neurotransmitters, thus enabling the formation of new
connections based on long-term potentiation [22-26].

Optimal treatment of schizophrenia in different settings
(urban, rural) remains a strategic challenge and should
include various and specific psychosocial interventions in
addition to the optimal use of medications, with the aim
of improving the well-being of patients from the above-
mentioned settings [27]. Intensive rehabilitation, especially
using the neurofeedback (NF) technique on the levels of
neuropeptides such BDNF or neuropeptide S (NPS) and its
relationship to the patient’s clinical condition, has already
been demonstrated in previous human studies [4, 23, 28].

The aim of the present study was to demonstrate the
potential associations of peripheral levels of BDNF and MMP-
9 with clinical parameters during structured rehabilitation
therapy in patients with a diagnosis of schizophrenia.

MATERIALS AND METHOD

Study design and participants. The study was a randomized,
controlled 3-month trial reported with the use of
CONssolidated Standards of Reporting Trials (CONSORT)
guidelines [29]. The trial was registered in the ISRCTN
registry (Trial ID: ISRCTN78612833). Forty-two male
patients with paranoid schizophrenia (according to ICD-10-
DCR participated in the study [30]). The sample size (N) was
calculated for the test power in the range not lower than 0.8
[31]. The decision to include only men in the study was made
based on the available publications that verify differences in
the level of BDNF [32-34], MMP-9 [35, 36] and TIMP [36],
depending on gender. Analysis of these markers in a group
of women requires taking into account the phases of the
menstrual cycle [37, 38].

The men included in the study were divided into two
groups: 1) consisted of patients who underwent intensive
rehabilitation (N=17, REH); 2) patients who received standard
rehabilitation, mainly social support (N=25, CON). All

patients included in the study continued pharmacological
treatment (atypical anti-psychotics — equivalents to a daily
dose of olanzapine in mg: REH vs CON: M 18.74 SD 5.16
vs M 19.62 SD 6.06) [39]. None of the patients took anti-
cholinergics.

The exclusion criteria were lack of patients’ consent,
female gender, clinical diagnosis other than of paranoid
schizophrenia [ICD], age below 18 and over 50, left-handedness
(writing), current neurological diseases, mental disability, or
alcohol and/or psychoactive sub-stance addiction, unstable
condition, i.e., active psychotic episodes for more than 18
months.

The REH and CON groups did not differ significantly in
terms of basic variables (Tab. 1, Fig. 1, Fig. 2). Detailed clinical
and demographic characteristics are presented in Table 1.
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Figure 1. MMP-9 initial results: REH group s. CON group means and standard
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Figure 2. BDNF initial results: REH group vs. CON group means and standard
deviations

Measurement indicators. In order to assess clinical,

biochemical and electrophysiological parameters as a result

of rehabilitation interventions, the following were included

in the analysis:

1) scale of Positive and Negative Teams (PANSS) [40];

2)level of markers - BDNF and MMP-9 in the blood serum
of patients tested on an empty stomach at 7:00.
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Table 1. Initial (T1) parameters and pairwise comparisons (t test/Mann-
Whitney test) for REH and CON groups

REH CON REH vs CON

Variable

M SD M SD tyuvY p
BDNF (ng/ml) 4535 1073 50.16 11.38 137 0.177
MMP-9 (ng/ml) 638.23 271.78 681.91 21356 0.58'" 0.564
PANSS-Positive 9.24 0.97 9.20 1.63 193.50Y 0.636
PANSS-Negative 14.06 249 15.08 343 1.05 0.299
PANSS-General 2494 202 2632 255 1.87¢  0.069
PANSS-Total 4823 419 5060 5.71 146'  0.152
Age (years) 38.00 5.62 35.68 8.28 -1.01*  0.320
Age of first hospitalization 677 493 2460 545 1287 0.205
(years)
Education (years) 12.47 2.89 14.00 1.80 150.00Y 0.112
Antipsychotics in
milligrams (equivalentsof 1874 516 19.62 6.06 206.50" 0.888

olanzapine)

REH - rehabilitation group; CON - control group; BDNF - brain-derived neurotrophic factor;
MMP-9 - matrix metalloproteinase-9; PANSS - Positive, Negative, General and Total: results of
Positive and Negative Syndrome Scale; M - mean; SD - standard deviation; t - Student’s t-test;
U - Mann-Whitney U-test; p - p-value significance at p < 0.05.

Serum BDNPF levels were analyzed using the ELISA test
(Human BDNF ELISA Kit (R&D Systems, Minneapolis,
MN, USA), and MMP-9 was tested using the Human MMP-
9 ELISA Kit (Biorbyt, Cambridge, UK). Additionally, 30
electrophysiological measurements were made:

a) auditory evoked potentials (AEP) were analyzed based on
the Cognitrace system, in accordance with the international
system 10-20); all patients stayed in a separate room
during the examination, with the lights turned off. The
examination was carried out in a sitting position, with
eyes closed, in headphones through which acoustic stimuli
were emitted according to the oddball paradigm scheme
(tones with a frequency of 1,000 Hz - 2,000 Hz, values of
70 dB for 100 ms in a random sequence). One test lasted
3 minutes and 20 seconds and contained 80% of frequent
stimuli and 20% of rare (target) stimuli, to which the
subject responded by pressing a button;

b) quantitative electroencephalography (QEEG) [41] was
performed using the EEG Digi-Track apparatus to map
and meta-analyze frequency bands (delta, theta, alpha,
beta SMR, betal/beta2, gamma), and attention factors
(theta/beta) concentration (theta/SMR), tension (SMR/
beta2), sensory and motor activity (alpha/SMR), executive
functions (alpha/beta), thinking and acting (beta/alpha)
in the area of F-z and C-z.

All examinations were performed twice in each group, at
the beginning (T1) and at the end of the 3-month period (T2).

Rehabilitation training. The aim of the rehabilitation
programme was to strengthen independence and modify
everyday activities, improve social relations, and increase
self-esteem. The classes took place for 8 hours a day (except
weekends) and included group activities: assertiveness
training, role-playing techniques, psychotherapy, psycho-
education, cognitive training, art therapy, physiotherapy,
sports, social events, entertainment and culinary activities,
and relaxation training. The scheme of the programme
was based on selected principles of cognitive remediation
developed by Wykes [42]. The original scheme used in

the work focused mainly on learning to acquire skills and
improving metacognition and solving social difficulties. Its
assumption was to improve the patient’s functioning in society
[42] through the use of modules: social training, motivation/
planning skills, cognitive training, computer-assisted training
(perception, attention, reasoning) and a creativity module.

Computer-assisted cognitive training was based on neuro-
feedback training as an additional form of rehabilitation, in
accordance with the methods of Markiewicz et al. [43, 44].

The main assumption of the trainings was to gradate the
difficulty of the tasks, taking into account the individual
abilities of each patient. The neuro-feedback training used
the method of galvanic skin response (GSR) with the use of
the Digi-Track device (EEG-DigiTrack Biofeedback-EEG +
SpO2 + HR, Warsaw, Poland) [45] and 3 modules: relaxation
(CENTRUM), concentration (BALANCE) and improving
executive functions (insects).

The aim of the exercises on the CENTRUM module was to
achieve relaxation by controlling/modulating breathing and
heart rate. The greater the relaxation, the faster the patient
reaches the next level of difficulty. Training on the BALANCE
module was aimed at improving concentration by placingand
balancing the ball in the middle of the tilted board. The aim
of training on the INSECT module was to achieve a state of
internal balance between cognitive and executive functions.
The task of the subjects was to recognize moving and hidden
insects on the monitor screen and clicking on them with
the mouse. The slow movement of the insects reflected the
achievement of internal balance during training. The time of
each exercise was determined by a computer programme, for
the CENTRUM and BALANCE modules it was 5 minutes,
for the INSECTS module 10 minutes.

Rehabilitation therapy for the CON group consisted
of primary care, counseling, medication management,
unstructured meetings and interviews, meal offerings,
administrative assistance, and social worker support.

Statistical analysis. The values of the analyzed variables
are presented as means (M) and standard deviations (SD).
Sociological and demographic data are presented in numerical
and percentage form. The results were compared using the
Student’s t test for related samples, the non-parametric
Mann-Whitney U test and the Pearson product correlation
coeflicient r. The Shapiro-Wilk test was used to check the
normal distribution. Differences were considered statistically
significant at p < 0.05. Analyses were performed using the
Statistica 13.3 programme.

Ethical issues. The study protocol was approved by the local
Bioethics Committee (Approval No. KE-0254/35/2016). All
patients invited to take part in the study gave their written
informed consent.

RESULTS

The baseline (T1) and 3-month (T2) clinical and biochemical
results of rehabilitation therapy (REH group) versus standard
therapy (CON group) programmes are presented in Table 2.

During the 3-month period, all clinical and biochemical
results of the REH group changed significantly In contrast,
in the CON group, only a statistical improvement in positive
symptoms was observed (Tab. 2).



318

Annals of Agricultural and Environmental Medicine 2023, Vol 30, No 2

Renata Markiewicz, Agnieszka Anna Markiewicz-Gospodarek, Beata Dobrowolska , lIwona Bojar, Bartosz toza. Brain-derived neurotrophic factor and matrix...

Table 2. T1 versus T2 clinical and biochemical results

Table 4.The Pearson’s r product-moment correlation coefficients for REH
group (only): BDNF and MMP-9 results correlated with clinical variables.

Baseline (T1) 3-month (T2) f i :
Test Subtest  Group " b Significant (p<0.05) and strong correlations for absolute values of r>0.5
SD M SD were bolded
» REH 9.24 0.97 747 0.80 26.00 0.000 BDNF MMP-9
Positive Test Subtest
CON 9.20 1.63 8.24 135 134.50" 0.047 T1 T2 T2-T1 T1 T2 T2-T1
N ) REH 1406 249 1153 232 3.07° 0.005 Positive -0.10 -0.32 -0.63 0.21 -0.44 -0.86
egative
CON 15.08 343 1447 296 0.60°  0.554 Negative 0.50 -0.08 -0.86 0.58 0.46 -0.05
PANSS PANSS T1
| REH 2494 202 2218 343 61.50" 0.005 General 0.24 -0.14 -0.55 0.44 0.07 -0.42
Genera
CON 2632 255 2588 4.86 038" 0.705 Total 0.34 -0.14 -0.69 0.55 0.15 -0.45
Total REH 4823 419 4118 464 466" 0.001 Positive -0.48 -0.73 -0.23 0.18 -0.35 -0.69
ota
CON 5060 571 4859 797 0.96' 0.346 Negative 0.32 -0.01 -0.50 043 0.36 -0.01
PANSS T2
REH 4535 1073 56.24 1062 -2.97° 0.006 General -0.10 -0.47 -0.48 -0.04 -0.33 -0.40
BDNF
Neuro- CON 50.16 1138 5529 1027 -149" 0.144 Total -0.04 -0.50 -0.61 0.18 -0.17 -0.45
peptides REH 63823 271.78 757.26 369.21 -2.11' 0.045 T1 1.00 0.76 -0.52 0.37 0.58 0.50
MMP-9
CON 68191 213.56 807.26 460.70 205.00Y 0.858 BDNF T2 1.00 0.16 0.14 0.42 0.42
REH - rehabilitation group; CON - control group; BDNF - brain-derived neurotrophic factor; T2-T1 1.00 -0.38 -0.48 -0.20
MMP-9 - matrix metalloproteinase-9; PANSS - Positive, Negative, General and Total: results of
Positive and Negative Syndrome Scale; M - mean; SD - standard deviation; t - Student’s t-test; T 1.00 0.71 -0.21
U - Mann-Whitney U-test; p - p-value significance at p < 0.05.
MMP-9 T2 1.00 0.54
T2-T1 1.00

The REH and CON results were then compared for the
magnitude of changes of pre- and post-therapy results
(T2-T1 differences). Changes that occurred over time
from T1 to T2 differentiated significantly for the REH vs.
CON 3-month PANSS Total, PANSS Negative and BDNF
results (Tab. 3). Although this is only statistically true for
the Negative subsyndrome, the tendency is clear for all 3
PANSS subsyndromes, resulting in the Total score being
significantly different between REH and CON.

Table 3. Differences in the magnitude of change from pre- (T1) to post-
therapy (T2) results in REH and CON groups

REH(T2-T1)  CON(T2-Ty) ~ 'between
Test Subtest comparisons
M SO M SO t/U p
Positve ~ -177 083 -104 146 14450° 0084
Negative ~ -253 146 -1.04 232 12600° 0.028

PANSS
General 277 236 032 486 14800° 0.101
Total 706 295 -240 612 11050° 0.009
Neuro.  BDNF(ng/m) 1088 755 280 889 -3.07 0.004
peptides  MMP-g (ng/ml) 119.04 27246 8268 31479 194.00° 0.645

REH - rehabilitation group. CON - control group. BDNF - brain-derived neurotrophic factor.
MMP-9 - matrix metalloproteinase-9; Positive. Negative. General and Total - results of Positive
and Negative Syndrome Scale; M - mean; SD - standard deviation; t - Student’s t-test; U - Mann-
Whitney U-test; p - p-value significance at p < 0.05.

The biochemical (BDNF, MMP-9) and clinical (PANSS)
results for REH group were correlated (Tab. 4).

Only those correlations that were negative were significant
between PANSS and both neuropeptides during treatment
(Tab. 4). The T2-T1 BDNF and MMP-9 results correlated
with the Positive subsyndrome (mainly delusions and
hallucinations) but most of all with the Total PANSS scores. In
other words, a significant increase in BDNF and MMP-9 (T2-
T1) was associated with comprehensive clinical improvement.
There was also a strong negative correlation between
T2-T1 BDNF (but not MMP-9) and negative symptoms.
Finally, it should be stated that the interrelationships of
BDNF and MMP-9 were not significant in any measurement
(Tab. 4).

BDNF - brain-derived neurotrophic factor; MMP-9 - matrix metalloproteinase-9; Positive.
Negative. General and Total - results of Positive and Negative Syndrome Scale. Repeated values
for BDNF x MMP-9 correlations were removed

In order to analyze the relationships between
electrophysiological variables (QEEGs and AEPs latencies
and amplitudes) and clinical variables (PANSS), as well as
BDNF and MMP-9, correlations of differences between the
results before and after the 3-month rehabilitation therapy
were performed. Insignificant relationships were omitted
(Tab. 5).

Table 5. The Pearson’s r product-moment correlation coefficients for
REH group (only). Differences between T2 and T1: electrophysiological
results (QEEGs and AEPs) vs. BDNF. MMP-9 and Total PANSS scores. Only
significant (p<0.05) and strong correlations for absolute values of r>0.5
were presented

Variables Waveform/Potential Electrodes Total PANSS MMP-9 BDNF
Fz -0.58
theta
Cz -0.53
QEEGs
Fz 0.61
theta/alpha
Cz 0.62
Fz 0.63
latency
Cz 0.60
P50
Fz 0.72
amplitude
Cz 0.64
AEPs
N1 amplitude Cz 0.55
P2 amplitude Fz 0.56
latency Fz 0.60
N2
amplitude Cz 0.56

AEP - Auditory Evoked Potential; QEEG - Quantitative Electroencephalography; Total PANSS
- total results of Positive and Negative Syndrome Scale; MMP-9 - matrix metalloproteinase-9;
BDNF - brain-derived neurotrophic factor

Among several dozen QEEG indices, only the scores
of theta waves or theta to alpha ratio were significantly
correlated with the severity of clinical symptoms (PANSS),
as well as inversely correlated with the increase in MMP-9.
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Among AEPs, consistent results were obtained only for
P50, where the greater reduction in latency was proportional
to the decrease in severity of clinical symptoms (PANSS),
while the increase in amplitude was accompanied by increase
in the MMP-9 level.

Some significant, but only single correlations for N1, P2
and N2 were also obtained. No changes in QEEGs or AEPs
were associated with changes in BDNF level between T1
and T2.

DISCUSSION

There is growing evidence that rehabilitation, psycho-
education, cognitive exercises, vocational and social
skills trainings, can effectively enhance the psycho-social
functioning of patients with schizophrenia spectrum
disorders [46]. Rehabilitation programmes are not only the
vehiculum for cognitive or psychosocial stimulation, but
they also go beyond THE simple compensation of psychotic
deficits and have the potential to improve more general
symptoms and syndromes of schizophrenia [4, 47].

All PANSS subsyndromes and its total score, as well
as the biochemical (BDNF, MMP-9) results of the REH
group, improved over the 3-month rehabilitation therapy. In
contrast, in the CON group only a statistical improvement
in positive symptoms was observed. Changes that occurred
over time from T1 to T2 were differentiated significantly
for the REH vs. CON 3-month PANSS Total and BDNF
results, but not for MMP-9. Several studies pooling BDNF
and MMP-9 data, as well as clinical variables, can be found
(2,5, 13, 48, 49].

In the study by Niitsu et al. [13], no general differences in
BDNF and MMP-9 levels were found between patients and
healthy controls. Similarly, previous research by the authors
of the current study, found no difference between patients
and healthy controls in terms of BDNF, but the treatment
changed this situation. Also, for the current study, a one-time
measurement was not performed, as it was a 3-month follow-
up with a control group of patients treated as usual, which
led to changes in the level of neuropeptides (Tab. 2, Tab. 3).
On the other hand, the study by Niitsu et al. [13] proved a
selective relationship between BDNF and negative symptoms
of schizophrenia, similar to that found in the current study
(Tab. 2). Niitsu et al. [13] stated that serum MMP-9 level of
male patients who smoked was higher than those of non-
smoking patients; however, this was not observed in male
controls and female patients. The current ad hoc analysis
revealed no differences in the MMP-9 level in the REH
group for smokers and non-smokers (for T1, T2 and T1-T2,
respectively; Student’s t: -0.44, -.016, 0.22). Despite similar
findings, the studies were methodologically different.

In Yamamori et al. [2], MMP-9 was increased in patients
with schizophrenia but no change was found for mature
BDNF; however, mature BDNF and MMP-9 plasma levels
were significantly correlated. Neither mature BDNF nor
MMP-9 plasma levels were associated with clinical variables.
The trial was methodologically unique which made it difficult
to compare the results. Measurements were made only in
patients with drug-resistant schizophrenia treated with
clozapine. Meanwhile, in the current study, the patients
remained clinically stable at T1, neither drug-resistant, nor
treated with clozapine. Since only drug-resistant patients

were recruited in the study by Yamamori et al. [2], it would
be difficult to expect even moderate variability on the side
of clinical symptoms, ergo identification of their association
with neuropeptides. And again, the one-time measurement
cannot be compared to a 3-month trial in which patients
participated in active treatment.

Pan etal. [5] examined the relationship between the single-
nucleotide polymorphisms of BDNF and MMP-9 and the
clinical variability of schizophrenia phenotype (PANSS).
Some BDNF and MMP-9 genotypes were identified as
significantly correlated to PANSS Total (both neuropeptides),
to PANSS Positive (BDNF) or to PANSS General (MMP-
9). Ali et al. [35] also proved the association of BDNF and
MMP-9 specific single nucleotide polymorphisms with the
higher expression of schizophrenia (PANSS). In this context,
the male gender was identified as an independent predictive
factor for a higher PANSS score. This was one of the reasons
for including only males in the current study.

Romash et al. [48] postulated a negative correlation
between BDNF and MMP-9 in paranoid schizophrenia.
As the duration of the disease increased, BDNF activity
decreased and MMP-9 expression increased, an imbalance
that could be used as a marker of the disease process. The
current study, however, did not demonstrate this type of
negative correlation (Tab. 4), but in the context of the overall
progressive biochemical and clinical results of the REH
group, the lack of correlation between BDNF and MMP-9 in
any of the parameters (T1, T2, T1-T2) opens possibilities for
hypotheses analogous to those in Romash et al. [48].

Arabska et al. [49] found a decrease in BDNF in patients
with schizophrenia - regardless of metabolic abnormalities,
and an increase in MMP-9 - secondary to metabolic
abnormalities. Of course, there is a consensus that MMP-9
is induced by many pro-inflammatory cytokines, including
a rise in metabolic disorders. However, the inflammatory
pattern of psychotic exacerbations is also known, therefore,
the primary clinical impact of MMP-9 cannot be dismissed
[50]. The current study which used a longitudinal 3-month
trial differed in methodology from the study by Arabska
et al. [49]. However, that the assessment of MMP-9 activity
requires precise adjusting for many parameters, is accepted
by the authors of the current study. Two groups of the authors’
electrophysiological results clearly fit into the contemporary
etiopathogenetic research on schizophrenia.

The scores of theta frequency and theta to alpha ratio were
significantly correlated with the severity of clinical symptoms
(PANSS), as well as inversely correlated with the increase
in MMP-9. Meanwhile, as demonstrated experimentally by
Adams et al. [51], fronto-temporal dysconnectivity — one
of the key etiopathological hypotheses in schizophrenia
— is the basis for the dysfunctional theta phase coupling
between hippocampus / medial temporal lobe and the medial
prefrontal cortex. Impaired neural synchrony in the theta
frequency range is present in patients from the onset of the
disease, and even as early as in adolescents at familial risk
for schizophrenia [52].

Among AEPs in the current study, consistent results were
obtained only for P50 potential, where the greater reduction
in P50 latency was proportional to the decrease in severity
of clinical symptoms (PANSS), while the increase in P50
amplitude was accompanied by increase in MMP-9 level.
The P50 gating dysfunctions are widely understood as
endophenotypes for schizophrenia [53, 54]. The deficits in
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inhibitory gating of response to paired sensory stimuli using
the auditory P50 evoking response in early sensory processing
mechanisms, demonstrate the general model of attentional
performance dysfunction in schizophrenia patients [55].

The problem of 100-year research on schizophrenia, on the
one hand, is the deficit of etiopathogenetic findings and, on
the other hand, the urgent need to improve comprehensive
treatment, including environmental forms of rehabilitation
and not just drug treatment. This leads to inevitable
limitations in research and publications.

The current study confirmed the serums BDNF and MMP-
9 increase as a phenomenon accompanying the clinical
improvement during rehabilitation therapy of patients
with schizophrenia. This relationship, based on patients’
clinical improvement, enables better treatment planning
and prognosis.

Neurofeedback training uses visual perception processes,
including saccadic eye movements [56, 57]. As is known,
about 80% of information is transmitted through the visual
channel, which may have a significant impact on the results
obtained in the REH group studied by the authors. This is
explained, among other things, by the microgenetic theory
of symptom formation and recovery from illness. It is worth
mentioning that neurofeedback has been used successfully
in the treatment of cognitive disorders in various disease
entities [58, 59], including schizophrenia [60].

However, the current study has some clear limitations:
only small groups consisting solely of men were recruited,
and only the subtype episodic schizophrenia, with stable or
progressive development of negative symptoms and focus
on rehabilitation effects, was studied. This means that the
verification of all conclusions requires an extension of the
study. Nevertheless, the results are pioneering, the possible
association of BDNF and MMP-9 (neuropeptides) with
clinical objectives in schizophrenia should be carefully
considered as an opportunity to meet the diagnostic and
therapeutic needs of patients with schizophrenia.

CONCLUSIONS

All clinical (PANSS Positive, Negative, General, Total) and
biochemical results (BDNF, MMP-9) of the REH group
changed significantly over the 3-month period. Positive
symptoms improved only in the CON group.

The structured rehabilitation therapy combined with
cognitive enhancement training significantly reduced
schizophrenia symptoms, compared to standard supportive
therapy among patients from the different study communities.

The overall results should be interpreted with caution
due to limitations in the size and gender of the participants
- males only.
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