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Abstract

The aim of the present study was to compare the concentrations of KYNA, 3-OH-KYN and the cytokines TNF-a and IL-6 in patients
with depression vs. healthy controls as well as in patients with depression treated pharmacologically vs. those treated using ECT.
We also evaluated the relationship between the concentrations of KYNA, 3-OH-KYN and the cytokines TNF-a and IL-6 and clinical im-
provement measured on the MADRS scale in patients treated pharmacologically and those treated with ECT.

Subjects and methods: The study group comprised 29 patients aged 28 to 60 years with a diagnosis of a major depressive episode.
Eleven of the patients received pharmacological treatment and 18 were treated with ECT.

Patients were assayed for serum levels of KYNA and the cytokines IL-6 and TNF-« . Clinical improvement was measured on the
MADRS depression rating scale and the clinical global impression (CGI) scale.

Results: Significant differences were found in KYNA levels between depressive patients and healthy controls. Pharmacological
treatment significantly contributed to the increase in KYNA levels and ECT - to the increase in TNF-a levels in depressive patients.

Conclusions:
Depressive patients have significantly lower concentrations of KYNA than healthy individuals
Depressive patients who have undergone pharmacological treatment have significantly higher KYNA concentrations than before treatment.
Depressive patients who have undergone ECT treatment have significantly lower TNF-a concentrations than before treatment.
High pre-treatment levels of IL-6 are associated with a lower MADRS improvement index in pharmacologically treated patients with depression.
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Streszczenie

Celem pracy byto poréwnanie stezenia KYNA, 3-OH-KYN oraz cytokin: TNF-a i IL-6 u pacjentéw z depresja i 0s6b zdrowych oraz u
pacjentéw z depresja leczonych farmakologicznie i EW. Oceniono réwniez zalezno$ci miedzy stezeniem KYNA, 3-OH-KYN oraz cytokin:
TNF-a i IL-6 a wskaznikiem poprawy w skali MADRAS w grupie pacjentéw leczonych farmakologicznie i EW.

Grupa badana i metody: Grupe badang stanowito 29 pacjentéw w wieku od 28 do 60 lat, z rozpoznaniem epizodu ciezkiej depre-
sji. Farmakologicznie leczonych byto 11 pacjentéw, a u 18 oséb stosowano elektryczng terapie drgawkowa (EW).

U pacjentéw oznaczano poziom kwasu KYNA oraz stezenie cytokin IL-6, TNF-a w surowicy krwi. W pracy zastosowano skale de-
presji MADRAS oraz skale ogélnego wrazenia klinicznego CGI.

Wyniki: Stwierdzono istotne réznice w zakresie stezenia KYNA miedzy pacjentami a osobami zdrowymi. Leczenie farmakologicz-
ne istotnie wplywa na wzrost stezenia KYNA, a EW na wzrost stezenia TNF-a u pacjentéw z depresja.

Whioski:
Pacjenci z depresja maja istotnie nizsze stezenie KYNA niz osoby zdrowe.
Pacjenci z depresja po leczeniu farmakologicznym uzyskali istotnie wyzsze stezenie KYNA niz przed leczeniem.
Pacjenci z depresja po leczeniu EW uzyskali istotnie nizsze stezenie TNF-a niz przed leczeniem.
Wysoki poziom IL-6 przed leczeniem taczy sie z mniejszym wskaznikiem poprawy w skali MADRS u pacjentéw z depresja objetych
leczeniem farmakologicznym.
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Introduction

In recent years, a number of analyses have been
conducted regarding changes in the immune system and
changes related to enzyme activities along the kynurenine
pathway in patients with mental disorders. Induction of
(IDO) by the pro-
inflammatory cytokines IL-6 and TNF-a has been shown to

indoleamine (2,3)-dioxygenase
lead to a reduction in the concentration of tryptophan (TRP),
the precursor of serotonin [1]. Dursun et al. [2] believe
that the decrease in the concentration of TRP may have a
depressogenic effect. This opinion [2] has been confirmed
by studies in which patients with bipolar disorder [3] and
women with post-partum blues [4] were found to have a
lower tryptophan index, compared to healthy controls.
Several studies [5-11] have shown that plasma levels of
interleukin-6 (IL-6) are higher in depressive disorder
patients than in healthy subjects. Hestad et al. [12] and
Tuglu et al. [13] have observed significantly higher levels
of TNF-a in patients with depression than in control
groups. Moreover, it has been found that plasma levels of
proinflammatory cytokines, such as IL-6 and TNF-a, are
also increased in patients with depression associated with
bipolar disorder, as compared to healthy individuals [14,15].
The concentrations of these cytokines, according to
O’Brien et al. [14] and Moddabernia et al. [15] normalize
during euthymia.

Results of some other studies indicate that there are
no significant changes in the levels of proinflammatory
cytokines in the course of depression. Kubera et al. [16]
and Hocaoglu et al. [17] have found no significant differ-
ences in the plasma concentrations of IL-6 between indi-
viduals with depression and those without depression.
Hocaoglu et al. [17] have shown that the concentration of
TNF-a in patients with depression does not differ signifi-
cantly from the levels of this cytokine in a group of
healthy individuals.

Authors dealing with depression also pay attention
to the imbalance in the kynurenic acid pathway (KYNA)
that occurs in this disease [18]. Myint et al. [19] have
observed an increase in the activity of indoleamine
2,3-dioxygenase (IDO) in depressed patients compared to
healthy subjects. Increased activation of IDO by pro-
inflammatory cytokines in patients with depression leads
to elevated production of the neurotoxic metabolites
3-hydroxykynurenine (3-OH-KYN) and quinolinic acid
(QUIN), at the cost of KYNA synthesis [18,20-22]. Consid-
ering this fact, Myint and Kim [18] have arrived at the
conclusion that depression is associated with disturb-
ances of the balance in the kynurenine pathway involving
dominant synthesis of the neurodegenerative quinolinic
acid at the expense of the neuroprotective KYNA pathway.
This observation has led the authors [18] to formulate a
neurodegenerative hypothesis of depression. The theory
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of imbalance in the kynurenine pathway has also been
confirmed by data obtained by the authors of [3,23,24,25],
who found statistically significantly lower levels of KYNA
in the plasma of patients with depression compared to
healthy subjects. The question of the importance of the
glutamatergic system in the pathophysiology of psychiatric
disorders has also been raised by Moghaddam et al. [26],
who observed regional differences in the regulation of the
NMDA and AMPA (alpha-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid) receptors related to the release
of dopamine in the prefrontal cortex compared with the
striatum as well as changes in glutamate release in re-
sponse to a topical application of selective NMDA antago-
nists such as AP5. This effect had been attributed by the
researchers to pre-synaptic
autoregulated glutamate release; however, it was found later

local mechanisms that
that pre-synaptic NMDA receptors were rare and did not play
a critical role in the inhibition of glutamate release.

show that
antidepressive treatment has an effect on the concentra-

Numerous contemporary studies
tion of proinflammatory cytokines [27,28]. It was demon-
strated in an animal model study that administration of
mianserin to rats with experimentally induced depression
resulted in a significant reduction in the concentrations of
IL-6 and TNF-a [28]. Stuzewska et al. [29] observed re-
duced concentrations of IL-6 in depressed patients under-
going treatment with fluoxetine compared to pre-
treatment values. Tuglu et al. [13] found a significant
reduction in TNF-a levels in patients with depression
during therapy with selective serotonin reuptake inhibi-
tors (SSRI). In a study conducted by Basterzi et al. [30], it
was demonstrated that in patients with major depression, a
6-week treatment with SSRI antidepressants caused a de-
crease in the level of IL-6 compared to its pre-treatment level.

Lanquillon et al. [31] assessed the level of IL-6 and
TNF-a in depressed patients before and after a 6-week
treatment with amitriptyline. Response to treatment was
assessed using the MADRS scale. Those authors [31]
demonstrated that, in comparison to a control group,
patients showing a good response to amitriptyline treat-
ment had significantly lower levels of IL-6 before the
onset of the therapy, while those poorly responsive to
treatment had significantly higher levels of this cytokine
prior to treatment. Post-treatment levels of I1-6 were
similar in both groups of patients. Pre-treatment levels of
TNF-a, on the other hand, were significantly higher both
in the group of patients with a good and those with a poor
response to treatment, compared to the control group.
However, the post-treatment concentration of TNF-a
decreased significantly only in the group of individuals with a
good response to treatment, compared to the baseline [31].
On the basis of these results, Lanquillon et al. [31] have for-
mulated a hypothesis that non-stimulated secretion of
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TNF-a is associated with a clinical improvement in pa-
tients, while the level of IL-6 could dichotomize the pa-
tients into responders and non-responders already at
admission. Eller et al. [27] showed that high pre-
treatment levels of TNF-a in depressed patients predis-
posed them to a lack of response to a 12-week treatment
with escitalopram (response or lack of response were
measured using the MADRS scale).

Different results regarding the impact of pharmacologi-
cal treatment on the levels of proinflammatory cytokines
have been obtained by Kubera et al. [16] and Maes et al. [8].
After 6 weeks of pharmacological treatment of patients
with depression, Kubera et al. [16] observed no significant
changes in the concentrations of IL-6, despite a significant
clinical improvement, as measured by the Hamilton
scale. Similarly, Maes et al. [8] observed no statistically
significant changes in the concentrations of IL-6 during
treatment of depression with fluoxetine and tricyclic
antidepressants.

While many publications are devoted to the influ-
ence of various antidepressants on the immune system,
the effect of electroconvulsive therapy (ECT) on this sys-
tem is still poorly understood. A study conducted by
Hestad et al. [12], who evaluated long-term effects of ECT
on the concentration of TNF-a, showed that there was a
significant decrease in plasma levels of TNF-a in patients
with depression after a series of ECT sessions. In another
study, Lehtimaki et al. [32] assessed the short-term effects
(after 3 and 6 hours) of ECT on plasma levels of the cyto-
kines. They observed an increased release of IL-6 at 3 and
6 hours after ECT. The rapid increase in plasma levels of
IL-6 after ECT correlated with the dose of electrical stimu-
lus used, which, according to the authors of [32], was
probably due to depolarization of neurons.

In the studies conducted so far, authors [3,23] have
also assessed the level of KYNA in depressive patients
before and after antidepressant treatment. They have
found no statistically significant increase in KYNA levels in
the serum of patients after treatment with different antide-
pressants, relative to the pre-treatment baseline [3]. The
results of an animal model study carried out by Kocki et
al. [33] indicate that citalopram, fluoxetine and amitripty-
line increase the ratio of Kkynurenic acid to
3-hydroxykynurenine. These investigators [33] have found
that these antidepressants modulate the kynurenine path-
way, and that their effects may be associated with the resto-
ration of the beneficial KYNA /3-OH-KYN ratio.

In an extensive monograph, Olajossy [23] evaluated
the impact of ECT on the level of KYNA in patients diag-
nosed with depression associated with recurrent depres-
sive disorder and bipolar disorder with a major depres-
sive episode. The author [23] found that the increase in

KYNA in the blood serum after ECT, compared to the

baseline, was not statistically significant.

The aim of this present study was to answer the
following research questions:

— if and what differences there are in the concentrations
of KYNA, 3-OH-KYN and the cytokines TNF-a and IL-6
between depressed patients and healthy individuals?

— if and what differences there are in pre-treatment and
post-treatment concentrations of KYNA, 3-OH-KYN
and the cytokines TNF-a and IL-6 between patients
with depression treated pharmacologically and those
treated using ECT?

— if and what relationships there are between the con-
centrations of KYNA, 3-OH-KYN and the cytokines
TNF-a and IL-6 and clinical improvement measured
on the MADRS scale in patients treated pharmacologi-
cally and those treated with ECT?

Subjects

The study group comprised 29 in-patients of the
Lublin Teaching Hospital aged 28 to 60 years, with a diag-
nosis of a major depressive episode with or without psy-
chotic symptoms, according to ICD-10, in the course of
recurrent depressive disorder of bipolar disorder.
The patients had severe and very severe depression, as
measured on the MADRS scale. Eleven patients were
treated pharmacologically (six patients received
escitalopram and five received escitalopram combined
with mirtazapine) and 18 patients received electric con-
vulsive therapy (ECT). The control group consisted of
15 healthy subjects, aged from 24 to 62 years. The study was
approved by the Clinical Research Ethics Committee of the

Medical University of Lublin (decision KE-0254/3/2006).

Study procedure
The ECT procedure

Patients were referred for ECT treatment 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, in patients referred for ECT treatment, all drugs
that significantly affected the seizure threshold were discon-
tinued- this excluded the use of barbiturates, benzodiaze-
pines, 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 [34]. This procedure
was mostly a continuation of existing treatment. Recruitment
of a "pure" group of patients who receive ECT treatment

alone is difficult and may raise ethical objections.
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The therapeutic procedures for the application of
ECT did not deviate from the standards recommended in
Poland [34]. Bilateral ECT was performed using a Spec-
trum 500Q device at suggested stimulus doses, with the
electrodes placed in the frontotemporal position. Anaes-
thetic premedication was given to patients to induce
general anesthesia or muscle relaxation (injections of
thiopental, succinylcholine and atropine). During premed-
ication and after ECT, the patients were oxygenated. The
treatment included 12 ECT sessions: 2 sessions per week.

Methods

5.0 mL samples of native blood were drawn from the
median cubital vein. After collecting, the blood was centri-
fuged for 15 minutes at 3500 rpm, and then the superna-
tant was collected and frozen at -72°C.

The content of KYNA acid in serum was assessed at
the Department of Experimental and Clinical Pharmacolo-
gy, Medical University of Lublin, using a Varian Pro Star
210 liquid chromatograph (California). Chemical reagents
used for chromatographic evaluation of KYNA content in
the test samples were from Baker BV (Deventer, the Neth-
erlands). 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. [35]. Measurements of KYNA content in the samples
were based on the principle of high-performance liquid
chromatography (HPLC).

The cytokines IL-6 and TNF-a were determined in
serum by ELISA (enzyme linked immunosorbent assay)
using the commercially available kits: Human TNF-alpha
Quantikine and Human IL-6 Quantikine from R&D. Based
on the light absorbances of sample wells and standard
wells, a computer coupled to a plate reader plotted the
calibration curves and then calculated the concentrations of
TNF-a and IL-6 in the test samples.

The severity of depressive disorders was assessed
on the Montgomery-Asberg Depression Rating (MADRS)
scale [36]. It is a seven-point scale for assessing depres-
sion (in particular the so-called endogenous type) which
shows good agreement with other psychometric instru-
ments for depression rating and is often used in clinical
trials testing the effectiveness of treatment. Severity of
depression according to 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 was also
used in this study.

Statistical tests

The results were analyzed statistically using
STATISTICA 10.0PL software. Because the measurements
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were characterized by high skewness, results were pre-
sented as median, a measure of central tendency. Equality
of distribution for each variable within normal distribution
groups was tested using 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 groups compared. Pairs of independent variables
were compared using the Mann-Whitney U test, whereas
pairs of dependent variables were compared using the
Wilcoxon test. The relationships between variables were
analyzed using Spearman's p non-parametric correlation.

Results

In the first stage of the study, the Mann-Whitney U
test was used to compare the concentrations of KYNA,
3-OH-KYN and the cytokines TNF-a and IL-6 in the serum
of patients prior to treatment and in the serum of control
healthy subjects (Table 1). The concentrations of KYNA
and 3-OH-KYN are expressed as nmol/] and the concentra-
tions of TNF-a and IL-6 are reported as pg/ml.

Table 1. Comparison of concentrations of KYNA,
3-OH-KYN and the cytokines TNF-a and IL-6 in the blood
plasma of depressed patients and healthy controls

Control Depressive
Variables Group Patients

Median Median z p
KYNA 9.45 3.15 3.67 0.001
3-OH-KYN 42.50 59.40 -1.73 0.083
TNF-a 109.97 72.85 1.20 0.273
IL-6 0.98 0.88 0.20 0.838

The results of analyzes indicated that healthy indi-
viduals had significantly higher levels of KYNA than de-
pressed patients before treatment. Patients before treat-
ment did not differ statistically significantly from healthy
individuals in the concentrations of 3-OH-KYN and the
selected pro-inflammatory cytokines TNF-a and IL-6.

Table 2 shows the results of the Mann-Whitney U
test, which was used to compare the concentrations of
KYNA, 3-OH-KYN, TNF-a and IL-6 between patients with
depression referred for pharmacological treatment and
those referred for ECT treatment.

Patients referred for pharmacological treatment did
not differ statistically significantly in their baseline KYNA,
and 3-OH-KYN, and TNF-a and IL-6 levels from patients
referred for ECT treatment (table 2).

Table 3 presents the results of the Mann-Whitney
U test, which compared the severity of depression, meas-
ured on the MADRS scale, and the general functioning of
patients referred for pharmacological treatment and
those referred for ECT treatment.
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Table 2. Comparison of concentrations of KYNA, 3-OH-KYN
and the cytokines TNF-a and IL-6 in the blood plasma of
patients with depression referred for pharmacological
treatment and those referred for ECT treatment

Patients Patients
referred for referred
Variables pharmacological for ECT
treatment treatment
Median Median Z p
KYNA 3.15 3.65 -0.89 | 0.371
3-OH-KYN 63.80 40.76 1.23 0.217
TNF-a 79.33 70.83 0.09 0.925
IL-6 1.04 0.71 0.02 0.981

Table 3. Comparison of the severity of depression as
measured on the MADRS scale and the general functioning
of patients referred for pharmacological treatment and
patients referred for ECT treatment

Patients referred Patients
for pharmacological referred
Variables treatment for ECT
treatment
Median Median z p
CGI 5.00 5.00 1.64 | 0.101
MADRS 42.00 38.50 1.55 | 0.121

Patients treated pharmacologically did not differ signifi-
cantly from ECT patients in terms of severity of depres-
sion and overall functioning before starting the therapy.

Table 4 summarizes the results of the Wilcoxon test,
which compares the severity of depression rated on
MADRS and CGI before and after pharmacological and
ECT treatments.

Table 4. Comparison of scores obtained by patients with
depression on the MADRS and CGI scales before and after
pharmacological treatment and ECT

Table 5. Comparison of concentrations of KYNA,3-OH-KYN
and the cytokines TNF-a and IL-6 in the blood plasma of
patients with depression before and after pharmacologi-
cal treatment

Patients before Patients after
. pharmacological | pharmacological
Variables treatment treatment
Median Median Z p
KYNA 3.15 4.30 -2.19 | 0.028
3-OH-KYN 65.00 53.68 1.48 | 0.139
TNF-a 74.04 77.66 -0.05 | 0.959
IL-6 0.84 0.68 0.66 0.508

The results of the analyzes indicate that pharmacological-
ly treated patients had significantly higher levels of KYNA
after treatment than before treatment. The concentration
of 3-OH-KYN, TNF-a and IL-6 after pharmacological
treatment did not differ significantly from their baseline
levels before therapy.

Table 6. Comparison of concentrations of KYNA, 3-OH-KYN
and the cytokines TNF-a and IL-6 in the blood plasma of
patients with depression before and after ECT

Patients Patients
iabl before after
Variables treatment | treatment
Median Median A p
Pharma- | CGI 5 2 2.89 | 0.004
cotherapy | MADRS 42 28 2.94 | 0.003
CGI 5 3.5 3.45 | 0.001
ECT
MADRS 38.5 25 3.73 | 0.001

The results indicate that patients who have undergone
either pharmacological or ECT treatment have significant-
ly lower scores on CGI and MADRS than before treatment,
which means that patients perform better and have a
lower level of depression after both types of treatment
than before treatment.

Tables 5 and 6 show the results of the Wilcoxon test,
which was carried out to compare the concentrations of
KYNA, 3-OH-KYN and the cytokines TNF-a and IL-6 in the
blood plasma of patients with depression before and after

pharmacological treatment or ECT

Patients Patients
Variables before ECT after ECT

Median Median Z P
KYNA 3.45 3.80 -0.22 0.826
3-OH-KYN 65.07 95.60 -1.73 0.084
TNF-a 89.71 50.43 2.17 0.030
IL-6 1.20 1.09 0.47 0.638

Patients treated with ECT had significantly lower post-
treatment levels of TNF-a compared to the pre-treatment
levels of this cytokine.

In the final phase of the study Spearman's p correlation
coefficients were calculated, which served as a basis for
determining the relationship between pre-treatment and
post-treatment concentrations of KYNA, 3-OH-KYN, TNF-a
and IL-6 in patients and an improvement index defined as
post-treatment reduction from baseline in MADRS total
score (Table 7).

Table 7. Relationships between concentrations of KYNA,
3-OH-KYN, TNF-a and IL-6 and MADRS improvement
before and after pharmacological treatment or ECT

MADRS improvement
Pharmacotherapy ECT

Pre-treatment -0.02 0.45
KYNA

Post-treatment -0.49 0.28

Pre-treatment -0.12 0.01
3-OH-KYN

Post-treatment -0.57 -0.01

Pre-treatment 0.04 0.12
TNF-a

Post-treatment 0.12 0.09
1L-6 Pre-treatment -0.64" 0.16

Post-treatment -0.28 -0.17

*p<0.05; **p<0.01; ***p<0.001

Curr Probl Psychiatry 2016; 17(2): 75-82
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A statistically significant negative correlation between the
concentration of IL-6 and MADRS improvement was ob-
served, which showed that a high pre-treatment level of
IL-6 was associated with a lower improvement index in
pharmacologically treated patients. This relationship
showed a high level of significance [37].

Results and Discussion

The analyses conducted in this paper show that healthy
individuals have significantly higher levels of KYNA than
depressive patients before treatment. In patients who have
undergone a pharmacotherapy, a statistically significant
increase in KYNA levels was observed, compared to pre-
treatment concentrations. In ECT patients, on the other hand,
post-treatment concentrations of KYNA were only slightly
higher than pre-treatment KYNA levels.

The results described in this present study are fully
consistent with the observations of Olajossy [23], Olajossy
et al. [25], Myint et al. [3] and Maes et al. [24], who found
that KYNA levels in the plasma of patients with depres-
sion were statistically significantly lower than in healthy
subjects. The present results also correspond with the
results of an animal model study carried out by Kocki et
al. [33] who found that citalopram, fluoxetine and amitrip-
tyline enhanced KYNA concentration and increased the
ratio of kynurenic acid to 3-hydroxykynurenine. Those
investigators [33] found that the antidepressants they
examined modulated the kynurenine pathway, and that
their effects may have been associated with the restora-
tion of the beneficial KYNA/OH-KYN ratio. The results
obtained here stand in contrast to the observations of
Myint and colleagues [3], who have found no statistically
significant increase in KYNA levels in the serum of patients
after treatment with different antidepressants, relative to the
pre-treatment baseline. According to Olajossy [23] the in-
crease in KYNA in the blood serum of patients after ECT,
compared to the baseline is not statistically significant.

In terms of the concentration of OH-KYN, patients be-
fore treatment did not differ significantly from healthy indi-
viduals. Pharmacologically treated patients had slightly low-
er levels of 3-OH-KYN, and those treated with ECT - slightly
higher concentrations of 3-OH-KYN than before treatment.

Kocki et al. [33], in an animal model study, observed a
significant reduction in the synthesis of 3-OH-KYN in rat glial
cell cultures under the influence of the administration of
antidepressants (citalopram, fluoxetine and amitriptyline).

The results of the present study show that there
are no differences in serum concentrations of the pro-
inflammatory cytokines TNF-a and IL-6 between de-
pressed patients and healthy individuals. After ECT
treatment, the concentrations of TNF-a in patients
decreased significantly compared with pre-treatment
concentrations. Pharmacological treatment did not
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significantly modify the levels of TNF-a in patients with
depression.

The present results correspond closely with the re-
sults of Kubera et al. [16] and Hocaoglu et al. [17], who
found no significant differences in the plasma concentra-
tions of IL-6 between individuals with depression and
those without depression. Hocaoglu et al. [17] showed
that the concentrations of TNF-a in patients with depres-
sion did not differ significantly from TNF-a levels in a
group of healthy individuals. Contrasting results were
obtained by Hestad et al. [12], Lanquillon et al. [31] and
Tuglu et al. [13], who observed significantly higher levels of
TNF-a in patients with depression than in control groups.
Similarly, O’'Brien et al. [14] and Moddabernia et al. [15]
found that patients with depression in bipolar disorder
showed increased plasma levels of proinflammatory cyto-
kines, such as IL-6 and TNF-a, as compared to a group of
healthy subjects. Our study does not confirm the data
showing that the levels of IL-6 in patients with depressive
disorders are higher than in healthy individuals [5-11].
The results obtained in our study also differ from the
observations of researchers who believe that treatment
with mianserin [28], amitriptyline [31] and SSRI [13]
reduces the concentration of TNF-a in patients with de-
pression, compared to its pre-treatment values .

Our results indicating that there is a statistically sig-
nificant reduction in plasma levels of TNF-a after the
application of ECT are fully consistent with the results
obtained by Hestad et al. [12], who evaluated long-term
effects of ECT on the concentration of TNF-a, showing that
there was a significant decrease in plasma levels of TNF-«a
in patients with depression after a series of ECT sessions.
On the basis of the results obtained in these studies, it can
be concluded that the distant immunomodulatory effects
of ECT consisting in reducing the level of TNF-a may be
used as one of the elements of antidepressant therapy.

Our results show that, compared with pre-
treatment levels, the concentrations of IL-6 did not
change significantly following treatment either in patients
treated pharmacologically or those undergoing ECT. The
results also point to a significant relationship between
high levels of IL-6 prior to pharmacotherapy and a lower
MADRS improvement.

The results reported in this present study corre-
spond with the observations of Kubera et al. [16] who,
after 6 weeks of pharmacological treatment of depressed
patients found no significant changes in the concentra-
tions of IL-6, despite significant clinical improvement in
depression symptoms, measured on the Hamilton scale.
Similarly, Maes et al. [8] did not observe statistically sig-
nificant changes in the concentrations of IL-6 during
treatment of depression with fluoxetine and tricyclic
antidepressants. Our results do not confirm the results
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obtained by Basterzi et al. [30], who demonstrated that in
patients with major depression, a 6-week treatment with
SSRI antidepressants caused a decrease in the levels of IL-
6 compared to its pre-treatment levels and compared to
healthy individuals.

The results obtained in our study indicate that the
concentration of IL-6 does not change as a result of the appli-
cation of ECT; however, future studies should pay attention to
how the levels of this cytokine change a few hours after ECT, as
Lehtimaki et al. [32] demonstrated that there was an in-
creased release of IL-6 at 3 and 6 hours after ECT, and that
the rapid increase in plasma levels of IL-6 after ECT correlat-
ed with the dose of electrical stimulus.

Our findings, which show that a high pre-
treatment level of IL-6 is associated with a lower MADRS
improvement index are consistent with the results ob-
tained by Lanquillon et al. [31], who demonstrated that, in
comparison to a control group, patients showing a good
response to amitriptyline treatment had significantly
lower levels of IL-6 before the onset of the therapy, while
those poorly responsive to treatment had significantly
higher pre-treatment levels of this cytokine. On the basis
of these results, Lanquillon et al. [31] formulated the
hypothesis that pre-treatment levels of IL-6 could dichot-
omize patients into responders and non-responders al-
ready at admission.

The present study obviously has some limitations,
the major one being the relatively small number of sub-
jects enrolled in the study (pharmacological and electro-
convulsive therapy). The results probably require confir-
mation in a larger group of patients.

Conclusions

On the basis of the results obtained in the present
study, the following conclusions were formulated:
1. Depressive patients have significantly lower concentra-
tions of KYNA than healthy individuals
2. Depressive patients who have undergone pharmacolog-
ical treatment have significantly higher KYNA concentra-
tions than before treatment.
3. Depressive patients who have undergone ECT treat-
ment have significantly lower TNF-a concentrations than
before treatment.
4. High pre-treatment levels of IL-6 are associated with a
lower MADRS improvement index in pharmacologically
treated patients with depression.
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