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SUMMARY 
Background: Nowadays, depression is a serious clinical problem, as the prevalence of its various forms increases and there are 

growing numbers of patients with severe forms of depression and treatment-refractory depression. Depressed patients have been 
observed to have decreased levels of kynurenic acid (KYNA), which is the only endogenous antagonist of ionotropic N-methyl-D-
aspartate (NMDA) receptors. The aim of this study was to identify subgroups of patients differing in the dynamics of changes in
KYNA concentration during electroconvulsive therapy (ECT). 

Subjects and methods: The study included 32 patients with an ICD-10 diagnosis of a major depressive episode receiving ECT 
treatment and 48 healthy volunteers. Blood serum KYNA concentrations were determined using HPLC-based methods, and clinical 
assessment was performed using the Montgomery-Åsberg Depression Rating Scale (MADRS) and the Clinical Global Impressions 
(CGI) Scale. 

Results: Three subgroups of patients with depression were identified which differed in baseline KYNA levels and in the dynamics 
of changes in blood serum KYNA concentrations during and after ECT. 

Conclusions: The largest number of patients with clinical improvement (83%) was observed in the subgroup with significantly 
lower pre-treatment, treatment and post-treatment KYNA concentrations than those determined in the control group. This subgroup
of patients also showed the lowest dynamics of changes in KYNA concentrations during ECT. Clinical improvement was observed in 
75% of depressed patients who had insignificantly lower pre-treatment levels of KYNA and slightly higher levels of this acid after 6 
and 12 ECT sessions than controls. The smallest number of patients with clinical improvement (50%) was observed in the subgroup
of patients who had similar pre-treatment and treatment concentrations of KYNA to controls and whose post-treatment concen-
trations of KYNA were significantly lower than those of healthy individuals.  
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*  *  *  *  *  

INTRODUCTION

Studies conducted so far have shown that increased 
activation of N-methyl-D-aspartate (NMDA) receptors, 
which induces excitotoxicity, is one of the factors con-
tributing to the development of depression (Diazgra-
nados et al. 2010, Zarate et al. 2006). Raol et al. (2001) 
have observed that excessive activation of excitatory 
amino acid receptors leads to neurodegenerative chan-
ges. The role of NMDA receptors in the mechanism of 
action of antidepressants and electroconvulsive therapy 
(ECT) has been confirmed in animal (Papp & Moryl 
1994, Skolnick et al. 1996, Bobula et al. 2003) and 
human studies (Pittaluga et al. 2007, Michael et al. 
2003). It has been shown that selective serotonin reup-
take inhibitors (SSRI) (Skolnick et al. 1996, Pittaluga et 
al. 2007) and selective noradrenaline reuptake inhibitors 
(Pittaluga et al. 2007) reduce the function of NMDA 
receptors. According to Michael et al. (2003), ECT 

sessions in patients with depression also reduce the 
effect of these receptors. The results obtained have 
allowed researchers to broaden the monoaminergic 
conception of the etiology and treatment of depression 
to include the effects associated with changes in the 
glutamatergic system. These data indicate that inhibition 
of the activity of NMDA receptors can be used as one of 
the methods for treating diseases caused by excessive 
activation of the glutamatergic system.  

Recent clinical trials have shown that a single dose 
of ketamine administered intravenously causes a rapid 
reduction in the severity of depressive symptoms in 
patients with treatment-resistant depression, both endo-
genous and in bipolar disorder (Zarate et al. 2006, 
Rybakowski et al. 2013, Price et al. 2009). It has been 
found that blockade of NMDA receptors by ketamine 
inactivates eukaryotic elongation factor 2 kinase 
(eEF2K), resulting in reduced phosphorylation of 
eukaryotic elongation factor 2 (eEF2) and unlocking of 
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the translation of the brain-derived neurotrophic factor 
(BDNF), leading to increased levels of BDNF 
(Kavalali & Monteggia 2012). However, the use of 
ketamine is limited due to its psychomimetic effects 
(Kavalali & Monteggia 2012). It has been observed 
that the expression of BDNF in the hippocampus in-
creases under the influence of antidepressants (Chen et 
al. 2001). Ketamine blocks NMDA receptors through 
an interaction with sites thought to be located within 
the ion channel pore region (Orser et al. 1997). It was 
shown recently that inclusion of the NR3B subunit 
does not alter the ketamine sensitivity of recombinant 
NR1/NR2 receptors expressed in oocytes (Yamakura 
et al. 2005). Erhardt et al. (2003) described that in 
anaesthetized rats, pharmacologically elevated KYNA 
concentration (by means of PNU 156561A) was asso-
ciated with increased firing rate and burst firing 
activity of midbrain DA neurons. Similar alterations in 
basal firing characteristics are also observed following 
systemic administration of PCP or ketamine, indicating 
per se that elevated levels of brain KYNA is associated 
with psychotomimetic effects.  

A vast majority of brain neurons and synapses are 
the part of glutamatergic system, and glutamate synaptic 
transmission largely mediates both cognition and emo-
tion, two brain functions that seem to be inextricably 
linked (Pessoa 2008). Moreover, compelling evidence 
from clinical studies suggest that glutamate transmission 
is abnormally regulated in a number of limbic, cortical 
areas in the brains of depressed individuals. Further-
more, increasing evidence from a lot of studies suggest 
the aberrant glutamatergic signaling is associated with 
maladaptive changes in the structure and function of 
excitatory circuitry, e.g., the cytoarchitectural and volu-
metric changes measured by postmortem histopathology 
and magnetic resonance imaging (MRI) (Campbell & 
MacQueen 2006, Konarski et al. 2008, Koolschijn 2009, 
Lorenzetti et al. 2009). Glutamate and its receptors are 
involved in the pathophysiology of mood disorders and 
have recently emerged as potential targets for the 
pharmacotherapy of depression. In rats, Fumagalli et al. 
(2010), observed plasticity changes of the glutamatergic 
system evoked by electroconvulsive shock (ECS), 
which represents the most effective therapy for 
patients who are refractory to antidepressants. Chronic 
ECS produced a marked increase in the phospho-
rylation of the regulatory NMDA receptor subunit 
NR2B (Ser1303) and the AMPA receptor subunit 
GluR-A (Ser831) in the hippocampus, with no effects 
on the obligatory subunit NR1. No effects were found 
on total receptor subunit expression levels. Authors 
suggest that, at least in part, ECS exerts its clinical 
activity through the modulation of the glutamatergic 
synapses, via potentiation of AMPA currents mediated 
by GluR-A (Ser831) phosphorylation, and a reduction 
of NMDA receptor activity through the phospho-
rylation of NR2B (Ser1303), presumably uncoupling 
NR2B from its signalling partner CaMKII. 

Kynurenic acid (KYNA) has the ability to com-
petitively inhibit the strychnine-insensitive glycine site 
in the NMDA receptor complex and non-competitively 
inhibit acetylcholine receptor -7 (Hilmas et al. 2001). 
Raol et al. (2001) have shown that KYNA has neuro-
protective and anti-convulsive properties. 

Over 90% of tryptophan is metabolized in the hu-
man body along the kynurenine pathway (Thackray et 
al. 2008). Tryptophan is converted under the influence 
of tryptophan 2,3-dioxygenase (TDO) and indoleamine 
2,3-dioxygenase (IDO) to L-kynurenine (KYN) (Myint 
2012). KYN can be transformed into KYNA by kynu-
renine aminotransferase (KATS), into anthranilic acid 
(AA) by kynureninase and into 3-hydroxykynurenine 
(OH-KYN) by kynurenine 3-hydroxylase. Anthranilic 
acid and 3-hydroxykynurenine can be converted to quino-
linic acid (QUIN) (Myint & Kim 2003). According to 
Myint and Kim (2003) (16), 3-hydroxykynurenine (OH-
KYN) and quinolinic acid are neurotoxic. These resear-
chers (Myint & Kim 2003) have found that depression 
is associated with disturbances in the kynurenine path-
way and that it increases the synthesis of neurotoxic 
metabolites at the expense of the neuroprotective KYNA 
pathway. So far, studies seem to confirm the neuro-
degenerative hypothesis, as depressive patients have been 
reported to have significantly lower concentrations of 
KYNA than healthy persons (Myint et al. 2007, Olajossy 
2010, Maes et al. 2011, Olajossy et al. 2014).  

ECT, according to Michael et al. (2003), inhibits 
NMDA receptors. There are few studies on the possible 
impact of ECT on the level of KYNA (Olajossy 2010). 
Earlier results obtained by Olajossy (2010) indicate that 
division of patients into subgroups characterized by 
different dynamics of changes in the concentrations of 
KYNA during ECT may be used as a clue to therapy 
and allow accurate prediction of changes in the patients’ 
clinical condition at follow-up. Pfleiderer et al. (2003) 
assessed the effect of successful electroconvulsive 
therapy (ECT) on glutamate/glutamine levels in the ante-
rior cingulum. Authors observed significantly reduced 
glutamate/glutamine levels in the patients' left cingulum 
compared to healthy controls. In ECT responders, in 
contrast to non-responders, glutamate/glutamine levels 
normalized and then did not differ statistically from 
controls. Severe depression seems to be associated with 
a glutamate/glutamine deficit and increasing glutamate/ 
glutamine may be an important mechanism of ECT 
action. After ECT, the glutamate contents decreased, and 
NMDA-NR2B expression up-regulated, the depression 
symptoms improved, and the spatial memory worsened 
simultaneously. Propofol inhibited the excessive de-
crease of glutamate and excessive up-regulation of 
NMDA-NR2B caused by ECT, and both the depression 
symptoms and the spatial memory of depressed rats 
improved (Dong et al. 2010). 

The aim of the study was to isolate subgroups of 
patients with different dynamics of changes in blood 
serum KYNA concentrations during ECT. 
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SUBJECTS AND METHODS 

Subjects

The study group comprised 32 patients (19 women 
and 13 men) with a mean age of 49.41 (SD=12.73) 
years, with a diagnosis of a major depressive episode 
without psychotic symptoms or with psychotic symp-
toms according to ICD-10, in the course of recurrent 
depressive disorder (F33). 28 patients were included 
into the analysis. Total number of patient was 32, but 4 
samples were not suitable because of technical reasons. 
The subjects were in-patients of the Department of 
Psychiatry. The mean duration of symptoms was 11.69 
(SD=8.95) years, the mean number of phases of the 
disease was 4.53 (SD=2.91) and the mean duration of 
the current phase of depression was 4.95 (SD=3.23 ) 
months. The control group consisted of 48 age-matched 
healthy subjects. The study was approved by the Clini-
cal Research Ethics Committee of the Medical Univer-
sity of Lublin, Poland (decision KE-0254/3/2006).  

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 asses their physical state, and had been con-
sulted 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 (Zyss 2009). This procedure was 
mostly a continuation of existing treatment. Recruitment 
of a “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 (Zyss 2009). Bilateral ECT was performed 
using a Spectrum 500Q device in the fronto-temporal 
position, at suggested stimulus doses. Anesthetic pre-
medication was used, namely, general anesthesia and 
muscle relaxation (injections of thiopental, succinylcho-
line 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 sessions.  

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 BV (Deventer, the Netherlands). The super-
natant was frozen using an Innova U-101 ultra low tem-
perature lab freezer.  

The material for analysis was prepared using a 
modified method by Turski et al. (1988). 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 concen-
trations increase to values that can be detected during 
further analysis. Equivalent volumes of serum were mi-
xed with 8% perchloric acid, stirred and centrifuged for 
20 min at 4°C at 12 000 rpm. The following chemical 
reagents were used: Dowex 50-W, double-distilled wa-
ter 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. 

Quantification of KYNA  

Eluted KYNA was subjected to high-performance 
liquid chromatography (HPLC) and quantified fluorime-
trically (Varian HPLC system; ESA catecholamine HR- 
80.3 mm, C18 reverse-phase column), as previously des-
cribed (Urba ska et al. 1007). The mobile phase (pH 6.2) 
contained 250 mM zinc acetate, 50 mM sodium acetate 
and 4% acetonitrile. The mean retention time of KYNA 
was 3.5 min with 1 ml/min mobile phase flow. Each 
chromatographic assay was preceded by measurements of 
standardized concentrations of KYNA (0.2, 0.4, 0.6, 0.8 
and 1.0 pmol) in order to obtain a calibration curve. The 
concentration of KYNA was expressed as pmol. 

Clinical rating scales 

The severity of depressive disorders was assessed on 
the Montgomery-Åsberg Depression Rating Scale 
(MADRS) (Montgomery & Åsberg 1979). It is a six-
point scale for assessing depression, in particular the so-
called endogenous type. MADRS shows good agreement 
with other psychometric instruments for depression rating 
and is often used in clinical trials which test the effecti-
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veness 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 Clinical Global Impression (CGI) scale 
(Guy 1976) was also used in this study. CGI provides a 
rough assessment of the severity of a mental disorder. 

Improvement of mental state was defined as a 30% 
reduction in symptoms on MADRS with simultaneous 
reduction, by two or more points, of symptom severity 
measured on the CGI scale after 12 ECT sessions. 

Statistical tests 

The results were analyzed statistically using STA-
TISTICA 10.0 PL software. Because the measurements 
were characterized by high skewness, results were pre-
sented as median, a measure of central tendency. Equality 
of distribution for each variable within normal distri-
bution groups was tested using the Lilliefors version of 
the Kolmogorov–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 groups compared. 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. Friedmann’s ANOVA with post 
hoc tests (Wilcoxon’s signed rank tests) were used to show 
differences among more than two dependent variables.  

RESULTS 

Three subgroups of depressed patients were identi-
fied on the basis of non-hierarchical cluster analysis. 
These subgroups differed in the dynamics of changes in 
KYNA concentrations measured before ECT and after 
1, 6 and 12 ECT sessions. Cluster analysis leads to the 
grouping of objects based on their mathematically 
determined similarity. In this study k-means clustering 
was used. It is a method in which clusters are formed in 
such a way that the mean distance between all the cases 
in the cluster is as short as possible. In other words, the 
method aims at maximizing similarity among the 
objects which form a cluster, minimizing intragroup 
variance and maximizing distances among clusters, i.e., 
minimizing intra-cluster variance and maximizing inter-
cluster variance (Statistica 1997). Based on cluster 
analysis, the whole group of patients was divided into 
three subgroups with characteristic patterns of KYNA 
concentrations measured before ECT treatment and after 
1, 6 and 12 ECT sessions (Figure 1).  

Statistically significant differences among the three 
subgroups of patients with depression were found for 
blood plasma KYNA concentrations determined both 
before treatment and after 1, 6 and 12 ECTs. Subgroup 
III patients had significantly lower concentrations of 
KYNA than subgroup I patients before ECT and after 1 
and 6 ECT sessions. Patients from subgroup II had 
significantly higher concentrations of KYNA than 
patients from subgroups I and III before ECT and after 6 
and 12 ECT sessions (Table 1, Table 2). 
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Figure 1. Median KYNA concentrations determined in patients from the three subgroups before treatment and after 1, 6 
and 12 ECTs 
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Table 1. Comparison of KYNA concentrations in three subgroups of patients with depression (Kruskal-Wallis 
ANOVA tests) 

Subgroup I Subgroup II Subgroup III KYNA 
concentration Median Min. Max. Median Min. Max. Median Min. Max. 

H p 

Before treatment 0.19 0.13 0.45 0.17 0.06 0.22 0.13 0.02 0.19  9.39 0.010 
After 1 ECT 0.20 0.14 0.29 0.17 0.06 0.27 0.11 0.08 0.16  9.59 0.010 
After 6 ECTs 0.19 0.15 0.23 0.22 0.20 0.34 0.12 0.05 0.18 19.29 0.001 
After 12 ECTs 0.11 0.04 0.19 0.24 0.17 0.28 0.14 0.08 0.23 12.93 0.002 

Table 2. Levels of significance of differences among KYNA concentrations in the blood plasma of patients from the 
three subgroups studied (Kruskal-Wallis ANOVA tests) 

 Subgroups 

KYNA concentration I–II I–III II–III 
Before treatment not significant 0.003 not significant 
After 1 ECT not significant 0.001 not significant 
After 6 ECTs 0.02 0.002 0.001 
After 12 ECTs 0.002 not significant 0.003 

Table 3. Levels of significance of differences among KYNA concentrations in the three subgroups of patients ( results 
of Friedmann test) 

KYNA concentration 

Subgroups Before 
treatment – 
after 1st ECT

Before 
treatment – 
after 6th ECT

Before treatment 
– after 12th ECT 

After 1st

ECT–after 6th

ECT

After 1st

ECT–after 
12th ECT 

After 6th ECT–
after 12th ECT 

Subgroup I not significant not significant 0.01 not significant 0.02 0.02 
Subgroup II not significant 0.01 0.02 0.04 0.01 not significant 
Subgroup III not significant not significant not significant not significant not significant not significant 

Next, the dynamics of changes in KYNA concen-
trations before treatment and after 1, 6 and 12 ECTs was 
analyzed in patients from the three subgroups. Fried-
man’s ANOVA and Kendall’s coefficient of concor-
dance were used to assess whether the changes in the 
concentrations of KYNA in patients from the three sub-
groups were statistically significant. Levels of signifi-
cance of differences among KYNA concentrations de-
termined before treatment and after 1, 6 and 12 ECTs 
were calculated using Wilcoxon’s signed rank test 
(Table 3).  

Changes in the concentration of KYNA in subgroup 
I were statistically significant ( 2=10.20; df=3; p<0.02). 
Blood serum concentrations of KYNA in subgroup I 
patients, determined after 12 ECTs were significantly 
lower compared to its pre-therapy concentrations and to 
the concentrations of KYNA measured after 1 and 6 
ECTs. Blood serum concentrations of KYNA in sub-
group II patients, determined before treatment and after 
1, 6 and 12 ECTs, underwent statistically significant 
changes ( 2=13.05; df=3; p<0.01). Although there were 
no changes in KYNA concentrations in the serum of 
patients from subgroup II measured before treatment 
and after one ECT – after 6 and 12 ECT sessions 
KYNA concentrations increased significantly compared 
to baseline and compared to the level determined after 
one ECT. Blood serum concentrations of KYNA in sub-
group III patients, determined before treatment and after 

1, 6 and 12 ECTs, underwent no statistically significant 
changes ( 2=1.70; df=3; p<0.64). In this subgroup, 
changes in the concentration of KYNA were the least 
dynamic. 

As a next step in the analysis, the Mann–Whitney U 
test was used to compare KYNA levels in the blood 
plasma of ECT-treated patients from the three sub-
groups with the concentrations of KYNA in the control 
group (Tables 4-6). 

Blood serum KYNA concentrations in subgroup I 
patients before treatment and after 1 and 6 ECTs were 
not significantly different from those of control subjects, 
but after 12 ECT sessions, they were significantly lower 
than in healthy subjects. 

KYNA concentrations in the blood plasma of 
subgroup II patients before ECT therapy and after 1, 6 
and 12 ECT sessions were not significantly different 
from KYNA levels in the control group. 

KYNA concentrations in the blood serum of patients 
from subgroup III, both before ECT treatment and after 
1, 6 and 12 ECT sessions were significantly lower than 
the concentrations of KYNA in healthy subjects. 

The three subgroups of patients were compared, 
using the Kruskal–Wallis test, for age, number of phases 
of the disease, duration of symptoms, duration of a 
phase, and scores on the clinical scales used – MADRS, 
CGI and the Beck Depression Inventory (Table 7). 
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Table 4. Comparison of blood plasma KYNA concentrations in subgroup I patients and controls (differences vs 
control group) 

Median KYNA concentration 
Control Group Subgroup I 

Z p 

Before treatment 0.20 0.19 -0.04 0.972 
After 1 ECT 0.20 0.20 0.05 0.963 
After 6 ECTs 0.20 0.19 0.32 0.752 
After 12 ECTs 0.20 0.11 2.74 0.006 

Table 5. Comparison of blood plasma KYNA concentrations in subgroup II patients and controls (differences vs 
control group) 

Median KYNA concentration 
Control Group Subgroup II 

Z p 

Before treatment 0.20 0.17 1.05 0.292 
After 1 ECT 0.20 0.17 1.62 0.106 
After 6 ECTs 0.20 0.22 0.98 0.325 
After 12 ECTs 0.20 0.24 0.80 0.426 

Table 6. Comparison of blood plasma KYNA concentrations in subgroup III patients and controls (differences vs 
control group) 

Median KYNA concentration 
Control Group Subgroup III 

Z p 

Before treatment 0.20 0.13 2.84 0.005 
After 1 ECT 0.20 0.11 3.20 0.001 
After 6 ECTs 0.20 0.12 3.01 0.003 
After 12 ECTs 0.20 0.14 2.10 0.036 

Table 7. Comparison of subgroups in terms of age, disease duration, number of phases of the disease, and duration of relapse 

Median Variables  
Subgroup I Subgroup II Subgroup III 

H p 

Age  49 48 53.5 1.88 not significant 
Number of phases 3.5 4 4 0.65 not significant 
Duration of symptoms (in years) 5 12.5 11 2.93 not significant 
Duration of relapse (in years) 6 5 4 0.35 not significant 
MADRS 37.5 42.5 36 6.17 not significant 
CGI 5 5 5 5.04 not significant 
BECK 35 41.5 37.5 3.28 not significant 

Patients from the three subgroups did not differ in 
age, duration of the disease, number of phases of the 
disease or duration of relapse. 

Summarizing the results of cluster analysis, it should 
be noted that subgroup I comprised 8 patients, with 
more men (62.50%) than women (37.50%). This sub-
group had the highest levels of blood serum KYNA 
before ECT treatment and after one ECT session, and 
the lowest levels of KYNA after 12 ECTs compared to 
subgroups II and III. In this subgroup, 50% of patients 
showed clinical improvement as measured by MADRS, 
i.e. fewer than in subgroups II and III. 

In subgroup II, there were 8 patients, with more wo-
men (75%) than men (25%). Clinical improvement was 
observed in 75% of the patients. Compared with the 
other two subgroups, the patients from subgroup II had 
the highest concentrations of KYNA after 6 and 12 
ECTs.

Subgroup III consisted of 12 patients, with more wo-
men (66.7%) than men (33.33%). Compared to sub-
groups I and II, this subgroup had the largest number of 
patients who showed clinical improvement as measured 
on the MADRS scale (83.33%). Blood plasma KYNA 
concentrations in subgroup III patients, measured before 
treatment and after 1 and 6 ECTs were lower in 
comparison to the other two subgroups. After 12 ECTs, 
KYNA concentrations in the blood serum of patients 
from subgroup III were slightly higher than those in the 
blood serum of patients from subgroup I. This was the 
only subgroup in which changes in KYNA concentrations 
prior to treatment, during ECT and after treatment were 
not statistically significant. It should be emphasized that 
the subgroups identified did not differ significantly in 
terms of age, gender, duration of symptoms, number of 
depressive phases, duration of a depressive phase, 
severity of depression or the general level of functioning.  
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Patients with psychotic depression and non-psycho-
tic depression were merged into one group. During the 
statistical analysis, it was found that the level of KYNA 
before tratment did not differ significantly between the 
groups of psychotic and non-psychotic depression. After 
treatment significant difference occurred only after 6th 
procedure of ECT. When the patients with psychotic de-
pression were excluded from the analysis, the statistical 
significance of the results was not altered. 

DISCUSSION 

In this study, three subgroups of depressed patients 
were identified, which differed in blood plasma concen-
trations of KYNA before ECT treatment and in the dyna-
mics of changes in KYNA concentrations during ECT 
and after treatment. The subjects did not differ signifi-
cantly in terms of age, gender, duration of symptoms, 
number of depressive phases and duration of the depres-
sive phase. The largest number of patients with clinical 
improvement (83%) were found in group III, which was 
characterized by the lowest blood plasma concentrations 
of KYNA before ECT and after the first and sixth ECTs. 
These concentrations were significantly lower than those 
determined in healthy individuals. Subgroup III was 
characterized by the lowest dynamics of changes in 
KYNA concentrations compared to subgroups I and II, 
since it was only in this subgroup of patients that no 
statistically significant changes in the concentrations of 
KYNA, measured before, during and after ECT, were 
found. KYNA concentrations in the blood serum of 
patients from subgroup III, both before ECT and after 1, 
6 and 12 ECT sessions were significantly lower than the 
concentrations of KYNA in healthy subjects. 

Subgroup I included the smallest number of patients 
with clinical improvement (50%), as measured by 
MADRS. In this subgroup, there were more men than 
women (in contrast to the other two subgroups), and 
KYNA levels in the blood plasma of the subjects were 
significantly higher than those in the blood serum of 
subgroup III patients, both before ECT and after 1 and 6 
ECT sessions. The concentrations of KYNA in subgroup 
I patients determined after 12 ECTs were significantly 
lower compared to the baseline level and to the concen-
trations measured after 1 and 6 ECTs. Blood serum 
KYNA concentrations in subgroup I patients before 
treatment and after 1 and 6 ECTs were not significantly 
different from those of control subjects; and after 12 ECT 
sessions, they were significantly lower than in healthy 
subjects. Patients from subgroup I had the lowest blood 
serum concentrations of KYNA after treatment, as 
compared to subgroup III and, especially, subgroup II.  

At baseline and after one ECT session, the concen-
trations of KYNA in patients from subgroup II were 
higher than those in subgroup III patients, but lower 
than those in subgroup I patients. After 6 ECT sessions 
and after completion of the treatment, however, sub-
group II had significantly higher KYNA levels than 

either subgroup I or III. Clinical improvement was 
observed in 75% of patients from subgroup II. KYNA 
concentrations in the blood plasma of subgroup II 
patients before ECT therapy and after 1, 6 and 12 ECT 
sessions were not significantly different from KYNA 
levels in the control group. 

According to Olajossy (2010), clinical improvement 
can be predicted in people (especially women) with 
lower baseline concentrations of KYNA.  

The findings reported above are consistent with 
previous results obtained by Olajossy (2010), who em-
phasizes that patients with recurrent depressive dis-
order can be divided into subgroups in which changes 
in the level of KYNA may constitute a therapeutic clue 
and allow accurate prediction of changes in blood 
serum concentrations of KYNA after ECT treatment. 

The results obtained in the present study allow us to 
formulate the hypothesis that people with significantly 
lower baseline levels of KYNA, compared to healthy 
subjects, are characterized by a stable concentration of 
KYNA during ECT treatment, and the largest number of 
patients in this group achieve clinical improvement after 
the final (twelfth) ECT session. 

On the other hand, patients whose pre-treatment 
KYNA levels do not differ significantly from those of 
the control group, should be monitored for their clinical 
condition and for the concentration of KYNA after six 
ECT sessions, because in the case of an increase in 
KYNA levels in this period, relative to baseline values, 
one can predict clinical improvement in a larger number 
of patients; a smaller number of patients will show 
clinical improvement in the situation when the con-
centration of KYNA decreases after the sixth ECT. 
Such a procedure may enable earlier modification of 
therapy in patients with poor response to ECT after six 
ECT sessions.  

We can find an interesting study, where authors found 
the increased KYNA, KYN/TRP ratio, KYNA/KYN 
ratio and KYNA/3-hydroxykynurenine ratio over time 
during the period of the study. Furthermore these 
authors observed that KYN and KYN/TRP were nega-
tively associated with total score of HDRS over time. 
Time to ECT response was not predicted by baseline 
TRP metabolite concentrations (Guloksuz et al. 2015). 
Other authors presented an altered kynurenine metabo-
lism in these patients displayed by decreased plasma 
levels of KYNA and by a significantly increased 
QUIN/KYNA ratio. Levels of tryptophan, kynurenine 
and QUIN was not different between patients and con-
trols. There was an association between treatment with 
ECT and a significant decrease in the plasma levels of 
tryptophan, kynurenine, and QUIN, but plasma KYNA 
levels did not change. The QUIN/KYNA ratio was found 
to significantly decrease in ECT-treated patients (P<0.05). 
Furthermore authors found a significant inverse corre-
lation between symptom severity and kynurenine levels 
at baseline (Schwieler et al. 2016). Undoubtedly, there is 
a need to extend the study group and deepen research. 
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CONCLUSIONS 

The largest number of patients with clinical 
improvement (83%) was observed in the subgroup 
with significantly lower pre-treatment, treatment and 
post-treatment KYNA concentrations than those 
determined in the control group and with the lowest 
dynamics of changes in KYNA concentrations 
during ECT.  
Clinical improvement was observed in 75% of 
depressed patients who had insignificantly lower 
pre-treatment levels of KYNA and slightly higher 
levels of this acid after 6 and 12 ECT sessions than 
controls. 
The smallest number of patients with clinical 
improvement (50%) was observed in the subgroup 
of patients who had similar pre-treatment and 
treatment concentrations of KYNA to controls and 
whose post-treatment concentrations of KYNA were 
significantly lower than those of healthy individuals. 
Due to low number of patients the chi-square 
analysis does not show significant differences 
between the percentages of patients in each group 
showing good response to ECT.  
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