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Summary

Aim. The aim of the present study was to compare blood serum kynurenic acid (KYNA)
concentrations measured before ECT and after 1, 6 and 12 electroconvulsive treatment (ECT)
sessions in patients with diagnoses of recurrent depressive disorder (RDD), depression in
bipolar disorder (DBD) and schizoaffective disorder (SAD).

Subjects and methods. The study group comprised of 50 patients with ICD-10 diagnoses
of RDD, DBD and SAD. Blood serum KYNA concentrations were determined and clinical
assessment was performed using the MADRS and the GAF scale.

Results. Significant differences were found in blood serum KYNA levels between RDD,
DBD and SAD patients treated with electroconvulsive therapy and healthy controls: 1) KYNA
concentrations in DBD patients measured before ECT and after 12 ECT sessions were signifi-
cantly lower than in the control group; 2) KYNA concentrations in the serum of RDD patients
measured before ECT and after one and 12 ECT sessions were significantly lower than in the
control group, while those measured after 6 ECT sessions did not differ significantly from
KYNA concentrations in healthy controls; 3) higher pre-treatment blood serum concentra-
tions of KYNA in DBD patients correlated with a higher number of illness phases and poorer
general functioning before treatment; 4) significant relationships were found between higher
blood serum concentrations of KYNA in RDD patients after 1 ECT session and male gender,
and between higher KYNA concentrations after 6 ECT sessions and increased depression and
poorer functioning before treatment in those patients.

Conclusions. Results show that KYNA concentrations in all diagnostic groups were lower
before ECT (not statistically significant for the SAD group) and that there were no significant
changes in those concentrations (compared with the baseline) during ECT.
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Introduction

In the last decade, there has been growing interest in the role of the glutamatergic
system in the pathophysiology of mental diseases. Numerous studies [1-3] confirm
that this system plays an important role in the pathophysiology of depression. Research
on the role of the glutamatergic system in the pathogenesis of depression has been
spurred by Trullas and Skolnick’s [4] seminal discovery of antidepressant properties
of the NMDA receptor antagonist — ketamine. Later studies showed that patients with
depression had significantly higher blood serum and cerebrospinal fluid (CSF) levels
of glutamate than healthy subjects [5]. Hashimoto et al. [6], in a postmortem study,
found increased levels of glutamate in the frontal cortex of patients with bipolar dis-
order (BD) and major depression. Clinical studies conducted in the recent years have
shown that administration of single doses of ketamine results in very rapid reduction
of depressive symptoms [7-9]. By blocking NMDA receptors, ketamine unlocks the
translation of the Brain Derived Neurotrophic Factor (BDNF) leading to an increase
in the concentration of this factor [10]. However, the use of ketamine is limited due
to its psychomimetic effects [10].

Kynurenic acid (KYNA) is an endogenous substance which modulates neuro-
transmission in the glutamatergic system [11]. It has been observed that depression is
associated with reduced synthesis of the neuroprotective KYNA, an NMDA receptor
antagonist; this decrease is accompanied by an increase in the synthesis of the neu-
rotoxic quinolinic acid, which stimulates NMDA receptors [12]. It has been found in
an animal model study that increased concentrations of quinolinic acid and 3-hydrox-
ykynurenine are associated with increased anxiety [13], which is one of the symptoms
of depressive disorders. Olson et al. [ 14] revealed that men with bipolar disorder (BD)
in euthymia had higher CSF concentrations of KYNA than healthy controls.

The glutamate hypothesis of schizophrenia assumes that this disease involves insuf-
ficient glutamatergic stimulation, which leads indirectly (via insufficient stimulation of
GABA) to dopaminergic overstimulation in the mesolimbic system, or directly (without
the mediation of GABA) to insufficient stimulation in the mesocortical system [15].
Increased interest in the action of glutamate is also related to the psychomimetic
properties of phencyclidine, a non-competitive inhibitor of the NMDA receptor [16].
Administered to healthy subjects, phencyclidine induces psychotic symptoms which
resemble an acute episode of schizophrenia [16]. Baran et al. [17] have observed in-
creased KYNA levels in the frontal cortex of patients with HIV-1 infection. Atlas et
al. [18] have additionally found that acute psychotic symptoms in patients with HIV
are accompanied by a nearly twofold increase in KYNA levels in the CSF, whereas in
patients without psychotic symptoms, no such increase in KYNA has been observed.
The authors believe that the occurrence of psychotic symptoms is caused by NMDA
receptor hypofunction caused by an increase in KYNA [18].

Numerous studies confirm that patients with schizophrenia have increased concen-
trations of KYNA [19, 20]. Miller et al. [21], in a postmortem study, found increased
concentrations of kynurenine in the anterior cingulate cortex of patients with schizo-
phrenia and BD with psychotic features, but not in the brains of patients with depres-
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sion. In schizophrenia and BD, an increase in the concentration of 2,3-dioxygenase is
associated with an increase in the concentration of kynurenine; no such relationship has
been observed in major depression [21]. This finding allowed the authors to conclude
that schizophrenia and BD involved upregulation of the kynurenine pathway [21].
It has also been shown that increasing of the endogenous concentration of KYNA
through administration of a KYNA precursor or a kynurenine 3-hydroxylase inhibitor
enhances, similarly as in schizophrenia, the activity of neurons in the ventral cap [22].

On the basis of literature data, it is hypothesized that excessively high concentra-
tions of KYNA can cause the development of psychotic disorders due to excessive
blocking of the NMDA receptor, while too low concentrations of KYNA and weak
blocking of the NMDA receptor by KYNA lead to overactivity of the glutamatergic
system, which is observed in depression.

The aim of the present study was to compare blood serum concentrations of KYNA
in patients diagnosed with recurrent depressive disorder (RDD), depression in bipolar
disorder (DBD) and schizoaffective disorder (SAD) determined before treatment and
after 1%, 6™ and 12™ ECT session.

Study group

The study group comprised of 50 patients (30 women and 20 men) with ICD-
10 diagnoses of major depression with or without psychotic features in the course
of recurrent depressive disorder (RDD), depression in bipolar disorder (DBD) and
schizoaffective disorder (SAD). The subjects were inpatients of the Department of
Psychiatry of the Medical University of Lublin.

RDD group consisted of 32 patients (19 women and 13 men). The mean age of
RDD patients was 49.41 (SD = 12.73) years; the duration of symptoms was 11.69
(SD = 8.95) years; the mean number of phases of the illness was 4.53 (SD =2.91); and
the mean duration of the current phase of depression was 4.95 (SD = 3.23 ) months.

DBD group included 11 subjects (7 women and 4 men). The mean age of DBD
patients was 44.73 (SD = 13.83) years; the duration of symptoms was 10.91 (SD=4.97)
years; the mean number of phases of the illness was 5.82 (SD = 2.68); and the mean
duration of the current phase of depression was 6.45 (SD = 6.21 ) months.

SAD group consisted of 7 patients (4 women and 3 men). The mean age of SAD
patients was 33.29 (SD = 8.56) years; the duration of symptoms was 4.43 (SD = 3.05)
years; the mean number of phases of the illness was 3.71 (SD = 1.38); and the mean
duration of the current phase of depression was 3.86 (SD = 2.48 ) months.

The control group consisted of 48 (25 women and 23 men) age-matched healthy
subjects. The study was approved by the Clinical Research Ethics Committee of the
Medical University of Lublin, Poland (decision KE-0254/3/2006).
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Research methods
The ECT procedure

Patients were referred for ECT in accordance with relevant procedures after they
had given their informed consent, had undergone an ECG, an EEG and laboratory
tests to assess their physical state, and had been consulted by a neurologist and an
internist. In accordance with the accepted principles, all patients referred for ECT
were discontinued from all drugs that significantly affected the seizure threshold — this
excluded the use of barbiturates, benzodiazepines, lithium and other mood-stabilizing
drugs. The majority of the patients received antidepressants; most often, they were
treated with a monotherapy of SSRIs, as this method is considered to be both safe
and effective [23]. This procedure was mostly a continuation of existing treatment.
Recruitment of a so-called pure group of patients who receive ECT alone is difficult
and may raise ethical objections.

The therapeutic procedures for the application of ECT did not deviate from the
standards recommended in Poland [23]. Bilateral ECT was performed using a Spectrum
500Q device in the fronto-temporal position, at suggested stimulus doses. Anesthetic
premedication was used, namely, general anesthesia and muscle relaxation (injections
of thiopental, succinylcholine and atropine). During premedication and after ECT, the
patients were oxygenated. The treatment included 12 ECT sessions, two sessions per
week.

Laboratory tests
Material for laboratory tests

All patients enrolled in the study gave their informed consent to venous blood
sampling. Blood was collected four times: before ECT and after the first, sixth and
twelfth ECT session.

5.0 ml samples of native blood were drawn from the median cubital vein before the
first ECT and half an hour after the first, sixth and twelfth (final) ECT. After collecting,
the blood was centrifuged for 15 minutes at 3500 rpm, and then the supernatant was
collected and frozen at —72°C.

The content of KYNA in serum was assessed at the Department of Experimental
and Clinical Pharmacology of the Medical University of Lublin, using a Varian Pro
Star 210 liquid chromatograph (California, USA). The chemical reagents used during
the chromatographic evaluation of KYNA content in the test samples were from Baker
B.V. (Deventer, the Netherlands). The supernatant was frozen using an Innova U-101
ultra low temperature lab freezer.

The material for analysis was prepared using a modified method by Turski et
al. [11]. This method is based on the assumption that at appropriate pH values, KYNA
is retained and then washed off into an ion exchange layer. Owing to this process,
KYNA concentrations increase to values that can be detected during further analysis.
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Equivalent volumes of serum were mixed with 8% perchloric acid, stirred and centri-
fuged for 20 min at 4°C at 12 000 rpm. The following chemical reagents were used:
Dowex 50-W, double-distilled water and 0.1 N hydrochloric acid. Pasteur columns,
0.5 cm in diameter, were filled with 0.3 ml of a 50% Dowex suspension in double-
distilled water (v/v), and then with 1 ml of 0.1 N hydrochloric acid. 1 ml of undiluted
samples was added to the Pasteur columns thus prepared. Then the columns were
washed once again with 1 ml of 0.1 N hydrochloric acid and 1 ml of double-distilled
water. Samples were deproteinized using Millipore syringe filters.

Clinical rating scales

The severity of depressive disorders was assessed on the Montgomery—Asberg
Depression Rating Scale (MADRS) [24]. MADRS is a seven-point scale for assess-
ing depression, in particular the so-called endogenous type. It shows good agreement
with other psychometric instruments for depression rating and is often used in clini-
cal trials which test the effectiveness of treatment. Severity of depression according
to the MADRS score is as follows: 0—11 — no depressive symptoms, 12—19 — mild
depression, 20-28 — moderate depression, 29—43 — severe depression, 44—60 — very
severe depression. The subjects’ social, occupational and psychological functioning
was assessed using the Global Assessment of Functioning (GAF) scale [25].

Improvement of mental state was defined as a 30% reduction in symptoms on
MADRS, as rated after 12 ECT sessions.

Statistical tests

The results were analyzed statistically using STATISTICA 10.0PL software. Be-
cause the measurements were characterized by high skewness, results were presented as
median, a measure of central tendency. Equality of distribution for each variable within
normal distribution groups was tested using the Lilliefors’ version of the Kolmogo-
rov—Smirnov test as well as the Shapiro—Wilk test. Because the test variables did not
have a normal distribution, non-parametric tests were used for further analysis. These
tests are resistant to deviations from the assumptions of normality of distribution and
heterogeneity of variance in the compared groups. Pairs of independent groups were
compared using the Mann—Whitney U test. Three independent groups were compared
using the Kruskal-Wallis ANOVA followed by multiple post hoc comparisons. Fried-
man’s ANOVA with post hoc tests (Wilcoxon signed rank tests) was used to show dif-
ferences among more than two dependent variables. The relationships among variables
were determined by calculating Spearman’s correlation coefficient.

Results

In the first stage of the study, the Mann—Whitney U test was used to compare
blood serum concentrations of KYNA determined before treatment and after 1, 6 and



460 Marcin Olajossy et al.

12 ECT sessions in SAD (Table 1), DBD (Table 2) and RDD patients (Table 3) with
blood serum KYNA concentrations of healthy controls.

Table 1. Comparison of blood serum KYNA concentrations between SAD patients
and controls

Median
KYNA concentration VA p
SAD Control Group
Before treatment 0.16 0.20 -1.31 0.19
After 1ECT 0.13 0.20 -1.45 0.15
After 6" ECT 0.12 0.20 -1.27 0.21
After 12" ECT 0.16 0.20 -0.85 0.39

Table 2. Comparison of blood serum KYNA concentrations between DBD patients
and controls

Median
KYNA concentration z p
DBD Control Group
Before treatment 0.12 0.20 244 0.02
After 1 ECT 0.15 0.20 -1.60 0.1
After 6" ECT 0.17 0.20 -1.50 0.13
After 12" ECT 0.1 0.20 -1.99 0.05

Table 3. Comparison of blood serum KYNA concentrations between RDD patients
and controls

Median
KYNA concentration z p
RDD Control Group
Before treatment 0.15 0.20 -2.21 0.03
After 1tECT 0.15 0.20 -2.65 0.01
After 6" ECT 0.18 0.20 -1.52 0.13
After 12" ECT 017 0.20 -2.18 0.03

KYNA concentrations in SAD patients did not differ significantly from those in
the control group. In DBD patients, KYNA concentrations before treatment and after
12 ECTs (post-treatment) were significantly lower than in the control group, while
those determined after one and six ECTs did not differ from KYNA concentrations
in healthy controls. Blood serum concentrations of KYNA in RDD patients before
treatment and after 1 and 12 ECTs were significantly lower than in the control group.
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After 6 ECTs, however, they reached a level that did not differ significantly from that
in the control group.

The three groups of patients described in this study differed in the dynamics of
changes in KYNA concentration during ECT, as shown graphically in Diagram 1
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Diagram 1. Comparison of blood plasma KYNA concentrations among RDD, DBD and SAD
patients

To answer the question whether pre-treatment blood serum concentrations of
KYNA in patients diagnosed with RDD, DBD and SAD differed significantly from
those determined after 1, 6 and 12 ECT sessions, the results were analyzed using
Friedman’s ANOVA and Kendall’s coefficient of concordance. In patients with SAD,
KYNA concentrations determined in the blood serum after 1 and 6 ECT sessions were
lower than the baseline, and after 12 ECT sessions they reached the pre-treatment level.
These changes, however, were not statistically significant (y*> = 0.66; df=3; p = 0.88).
KYNA concentrations in patients diagnosed with DBD after 1 and 6 ECT sessions were
higher than the baseline and after 12 ECT sessions they decreased to a level below
the baseline. The changes in KYNA concentration in this group of patients (DBD)
were also statistically insignificant (x> = 0.33, df=3, p = 0.95). KYNA concentrations
in the serum of patients diagnosed with RDD decreased slightly after the first ECT,
then reached a level higher than the baseline after 6 ECT sessions to finally decrease
after 12 ECT sessions to a level slightly higher than the baseline. Also in this group of
patients, the changes in the concentration of KYNA during ECT were not statistically
significant (x> = 1.41, df =3, p = 0.70).

In summary, pre-treatment and post-treatment blood serum KYNA concentrations
in SAD and RDD patients were comparable and were, at the same time, higher than
KYNA concentrations in the serum of patients with DBD. After 1 and 6 ECT sessions,
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KYNA concentrations in DBD and RDD patients increased to a similar level, while
in SAD patients these concentrations decreased.

To find out whether and what relationships existed between blood serum KYNA
concentrations in RDD, DBD and SAD patients, on the one hand, versus sociode-
mographic variables (gender, age and number of illness phases) and patients’ scores
on the used clinical scales (MADRS and GAF), on the other hand, Spearman’s rho
correlation coefficients were calculated (Table 4).

Table 4. Spearman’s rho correlation coefficient between patients’ KYNA concentrations
and demographic and clinical data

Spearman’s rho p
KYNA after 1 ECT & gender 0.35 0.05
RDD KYNA after 6" ECT session & pre-treatment MADRS 0.35 0.05
KYNA after 6" ECT session & pre-treatment GAF -0.34 0.05
Pre-treatment KYNA & number of phases 0.64 0.04
DED Pre-treatment KYNA & pre-treatment GAF -0.67 0.03
SAD KYNA after 1 ECT & gender 0.93 0.003
KYNA after 12" ECT session & gender 0.83 0.04

In SAD patients, higher blood serum concentrations of KYNA after 1 ECT cor-
related with older age, and higher KYNA concentrations after 12 ECT sessions were
associated with male gender. Higher pre-treatment blood serum concentrations of
KYNA in DBD patients correlated with a higher number of illness phases and poorer
general functioning before treatment. These results show that there are significant
relationships between higher blood serum concentrations of KYNA in RDD patients
after 1 ECT session and male gender, and between higher KYNA concentrations after
6 ECT sessions and increased depression and poorer functioning before treatment.

Discussion

The results obtained in the present study show that there are significant differences
between pre-treatment and post-treatment blood serum concentrations of KYNA in
DBD and RDD patients, on the one hand, and KYNA concentrations in the blood
plasma of healthy people, on the other hand. Serum concentrations of KYNA in BDB
patients before and after treatment were significantly lower than the concentrations of
KYNA in the control group; they increased during treatment (after 1 and 6 ECT ses-
sions), but did not differ significantly from KYNA levels in healthy individuals. The
results obtained in this work are consistent with a previous study by Olajossy [26],
who observed significantly lower concentrations of KYNA in patients with depression
in BD. Myint et al. [27] have pointed out that the path of changes in the metabolism of
tryptophan and kynurenine in response to treatment in BD goes in two directions. These
researchers showed, by calculating the KYNA to kynurenine ratio, how much of the
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antagonist went to a specific metabolic pathway. They found that this ratio was lower
in patients with major depression in the course of BD. According to Myint et al. [27],
BD can be associated with a weakening of the neuroprotective factor. In this present
study, KYNA concentrations in the serum of RDD patients before and after treatment
and after one ECT were also significantly lower than the concentrations of KYNA in
healthy individuals. KYNA concentrations determined after 6 ECT sessions were also
the highest in this group of patients, but they did not differ significantly from the levels
of KYNA in the control group. These results fully correspond with literature data,
which show that patients with depression have significantly lower blood plasma levels
of KYNA compared to healthy individuals [26-29]. Pre-treatment, mid-treatment and
post-treatment KYNA concentrations in the blood plasma of patients with depression
in the course of schizoaffective disorder did not differ significantly from KYNA levels
in healthy subjects, but it should be noted that mid-treatment KYNA concentrations
were lower than both the baseline and post-treatment KYNA levels.

Considering these results, it seems important to analyze the dynamics of changes
in KYNA concentrations in the blood plasma of patients from the studied groups.
The reduction in KYNA concentration after 6 ECT sessions was greater in DBD
patients than in RDD patients. These results may provide a clue as to the selection of
the optimal number of ECT sessions and type of treatment for patients suffering from
different disorders.

The analyses conducted in this paper show that higher pre-treatment concentra-
tions of KYNA in the blood plasma of DBD patients correlate with a larger number
of phases of the illness and poorer general functioning before treatment, and higher
concentrations of KYNA in RDD patients after 6 ECT sessions correlate with increased
depression and poorer functioning of the subjects prior to treatment.

Areview of the literature data regarding KYNA concentrations in various psychi-
atric disorders shows that a study should be conducted on KYNA concentrations in
euthymia and mania in bipolar disorder with and without psychotic features, as well as
in other disease entities in which psychotic features are observed. The present findings
combined with the results reported in the literature suggest that, in the future, KYNA
could become a marker of various mental disorders.

The study examined the effects of ECT on KYNA concentrations in SAD patients,
where there were no significant differences in baseline values between the test group
and the control group, as differences between the groups could emerge in the course
of successive ECT sessions. Undoubtedly, it would be useful to know the nature and
dynamics of these changes. A major difficulty is drawing a blood samples from the
patients after each ECT session, because patients with depressive disorders irrespec-
tive of their typology may regard each subsequent diagnostic procedure that does not
brings them to the wellbeing as burdensome and stressful, which can have the impact
on their health. At this point it is difficult to skip the ethical and methodological prob-
lems (frequency of using the clinical scales) related to this procedure. Moreover, the
measurement error must be taken into account. The authors found no significant differ-
ences in KYNA concentrations between the group of SAD patients before ECT and the
control group, which does not mean that there were no real differences. An analysis of
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the power of the test showed that it had a statistical power of 0.075 (1-p = 0.075). The
probability of finding statistically significant differences of at least 0.20 in a population
is 7.5/100. We have no grounds for claiming that there are no differences, because this
could only be stated if no statistical differences were found and the power of the test
was high, i.e., 1-f > 0.80. Therefore, our study has a developmental and hypothesis-
generating character and requires recruitment of a larger cohort of patients. The value
of the study is that it points to the need for further research on larger patient samples.
The correlation method presented in Table 4 highlights correlations for which statisti-
cal significance was observed. Because of the multiplicity of described parameters
for the different treatment groups, presented data may cast the impression of a certain
selectivity of the media. A valuable direction of the continuation of this research could
be a statement of changes in KYNA concentration with the severity of symptoms de-
pending on the number of ECT sessions. This may be a chance for reference a changes
in the KYNA concentration to the clinical status of patients and to evaluate KYNA as
a biomarker of the illness.

In the literature, there are a number of discrepancies regarding the content of KYNA
in different CNS structures as well as the cerebrospinal fluid (CSF) and plasma both
in animals and in humans. The lowest reported CSF concentrations of KYNA were
0.5+1.1 pmol/I [30], but some researchers also found concentrations that were several
times higher, up to 4.09+0.14 pmol/l [31]. Similarly, plasma KYNA concentrations
described in the literature ranged from 3.91+£1.84 nM [32] to 59.6+20.5 nM [33].
There are also a number of reports on changes in the content of KYNA in the course
of CNS diseases, in the structures of the brain, CSF and blood serum. Of course, data
on CNS concentrations mainly come from experimental studies and should be extrapo-
lated to corresponding disorders in humans with caution. A similar caution should be
exercised in interpreting the results obtained from postmortem examinations. As it is
known, KYNA production is modulated by a number of factors such as pH and the
content of ions, glucose or other components [34, 35]. One must agree that often there
is no mutual dependence between plasma and CNS concentrations of KYNA. What
is more, CSF concentrations of KYNA also differ from them. One example of this
lack of correlation are the trends of changes in KYNA concentrations in patients with
schizophrenia, where increases in serum concentrations of KYNA have been reported to
be accompanied by both no changes in CSF concentrations and increased CSF KYNA
concentrations [20, 36—37]. An additional problem is the fact that the passage of both
tryptophan and kynurenine is subject to many peripheral regulatory processes such as
peripheral changes in the concentrations of branched-chain and aromatic amino acids,
competing for the same LAT (large neutral amino acid transporters) of the BBB (blood
brain barrier), which strongly influence the peripheral metabolism of tryptophan [38].

The aim of our study was to search for a parameter which could be a useful practi-
cal tool for monitoring the effectiveness of treatment. We do agree that determination
of KYNA concentrations in the brain tissue or CSF would be a much better way of
monitoring them, but not from the point of view of clinical practice. In our opinion,
it would be extremely difficult to require patients to agree to have their CSF collected
for KYNA determination, because the sampling procedure may involve the risk of
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complications ranging from post-puncture syndrome through infectious complications
to cerebellar tonsillar herniation into the foramen magnum. The risk associated with
the repetition of this procedure in the patients and the exposure of controls to it was the
decisive factor in eliminating CSF from our study. The easy availability of peripheral
blood and ease of sampling as well as the small burden that blood sampling imposes
on patients make the content of various substances in blood serum a basic clinically
useful parameter. Of course, interpretation of the results requires that the influence
of other diseases and medication, gender, age and even the patient’s diet is excluded.
However, along the same lines, even the simple and routinely used blood count tests
are burdened with a high error resulting from the impact of a number of interfering
factors. It seems that at the present stage of knowledge about the role of KYNA in the
etiopathogenesis of various diseases, it is more meaningful to study the dynamics and
trends of changes in KYNA concentrations in a given person undergoing a specific
procedure than to study absolute values of KYNA. Similarly, it would be difficult to
relate the obtained results to the concentrations occurring in healthy controls, the more
so that this would entail ethical dilemmas associated with the application of a given
treatment in healthy subjects.

Conclusions

1. Pre-treatment and post-treatment KYNA concentrations in DBD patients were
significantly lower than in the control group.

2. KYNA concentrations in the serum of RDD patients measured before ECT and
after one and twelve ECT sessions were significantly lower than in the control
group, while those measured after the sixth ECT session did not differ significantly
from KYNA concentrations in healthy controls.

3. In SAD patients, higher blood serum concentrations of KYNA after one ECT
session correlated with older age, and higher KYNA concentrations after twelve
ECT sessions were associated with male gender.

4. Higher pre-treatment blood serum concentrations of KYNA in DBD patients
correlated with a higher number of illness phases and poorer general functioning
before treatment.

5. Significant relationships were found between higher blood serum concentrations
of KYNA in RDD patients after one ECT session and male gender, and between
higher KYNA concentrations after six ECT sessions and increased depression and
poorer functioning before treatment.
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