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Abstract: Studies in recent years have indicated that neuroimmunological events and immune
activation may have a place in the etiology of depression. It has been suggested from data that
there is a causal relationship between activation of the immune system and excessive release of
proinflammatory cytokines, such as interleukin 1 (IL-1), IL-6, and tumor necrosis factor-alpha
(TNF-alpha), and the etiology of depression. Although the mechanism of action of electrocon-
vulsive therapy (ECT) is unclear, there is evidence that it can reduce cytokines and immune
system changes. In our study, we aimed to determine how levels of serum immunomodulators
were affected by ECT in major depression patients. This study was conducted on 50 patients
with treatment-resistant major depression. The data of the patients were compared with
30 healthy individuals with similar demographic characteristics. A clinical response occurred
in the patients and at the end of therapy, IL-1, IL-6, TNF-alpha, IL-10, IL-4, and interferon-
gamma levels were measured. The disease severity was assessed with the 17-item Hamilton
Depression Rating Scale. Data analysis was performed using SPSS Version 15. Significant
differences were determined between the patients with major depression and control group
with respect to basal serum IL-1, IL-6, TNF-alpha, IL-10, IL-4, and interferon-gamma levels.
ECT treatment was shown to reduce these differences. ECT may cause significant changes in
the activity of the immune system. The consideration of the relationship between the immune
endocrine neurotransmitter systems could contribute to new theories regarding the mechanism
of antidepressant treatment and biology of depression.
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Introduction

Major depression is a chronic mood disorder, which may be seen frequently and
repetitively, disrupting the quality of life and social cohesion of patients, and may even
have serious consequences, such as suicide. It is estimated that by 2020, major depres-
sion will be accepted as the second most important cause of disability worldwide.'
Nevertheless, the etiology of major depression is still not clear.

The interactions and relationships of hormones, neurotransmitters, and peptides
included in the immune system and the central nervous system have been examined in
many studies.>* There is consensus that stress and depression have adverse effects on
the immune system.>’ The changes caused by stress on the immune system have been
reported to vary depending on whether the stress is acute or chronic.®’ Immune media-
tors appear to contribute to the pathophysiology of diseases, such as schizophrenia,
depression, and dementia.'® Increased serum concentrations of the proinflammatory
cytokines, interleukin 1 (IL-1) and IL-6, C-reactive protein (CRP), haptoglobin, and
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alpha-1 acid glycoprotein as acid phase reactants have been
found in major depressive patients.!! Clinical trials have
demonstrated that cytokines are associated with the develop-
ment of depression. Interferon (IFN)-alpha therapy is used
at high rates in cases of major depression.!®!! The source of
immune activation in depression is unknown, although stress
and cortisol-releasing hormone have been shown in previ-
ous studies to induce cytokines in the absence of a general
immune response.

Astrocytes, microglia, and the triggering of peripheral
immune cells result in the release of certain transmitters in
these cells. They include cytokines, such as IL, IFN, and
tumor necrosis factor (TNF). Other transmitters, such as
nitric oxide, prostaglandins, and excitatory amino acids, are
involved in this process.

Stress and inflammation (autoimmune diseases, allergic
reactions, post-ischemic brain injury) are known to cause
cytokine production.'?** Depressive symptoms can be seen in
illnesses with increased cytokines and because of psychiatric
symptoms in immunosuppressed diseases, such as syphilis
and systemic lupus erythematosus, it is thought that the
immune system may play a role in the pathophysiology of
depression. Psychiatric changes observed in hepatitis and
cancer patients receiving immunotherapy support this view.
IFN use in “sickness behavior” has been associated with
emotional and behavioral changes.!® In studies involving
depressed patients, proinflammatory cytokines (IL-1, IL-6,
and TNF-alpha) and acute phase reactants have been reported
to be increased.'*!” Electroconvulsive therapy (ECT) is a very
effective method of treatment for treatment-resistant major
depression, although the mechanism of action has not yet
been fully understood. It has been suggested that it may be
due to a complex network of neurotransmitters, neurohor-
mones, and a neurotrophic system.'®?> Studies have shown
that the adrenal (hypothalamic—pituitary—adrenal [HPA])
axis hormones, such as prolactin, adrenocorticotropin, argi-
nine vasopressin, growth hormone, and neuropeptide Y, are
changed by ECT.?2 The effect of ECT on HPA axis has been
widely studied. Although the findings of these studies have
not always been consistent, after successful ECT treatment,
it has been shown that the HPA axis has a role in supporting
the mediation of the therapeutic effects of ECT. There is
evidence showing that the immune system is involved in the
pathogenesis of depression. In addition, antidepressants have
immunomodulating properties and, vice versa, interventions
that restore normal immune functioning can have antidepres-
sant effects. It may be considered that immune pathways play
a role in the mechanism of action of ECT.??

The aim of this study was to examine the effects on
immune factors (IL-1, IL-4, IL-6, IL-10, TNF-alpha, and
IFN-gamma) of ECT in treatment-resistant major depression
patients. Comparisons were made with a control group prior to
ECT, when a clinical response occurred, and at the end of the
ECT treatment. Changes in immune factors and the relation-
ship with the severity of depression were also investigated.
The study was performed in order to examine the hypothesis
that in depression, rising serum levels of proinflammatory
cytokines would return to normal levels by ECT.

Participants and methods

Participants

ECT was applied to treatment-resistant major depression
patients at Gulhane Military Medical Academy Psychiatry
Department and a comparison was made with a healthy con-
trol group. The study included 50 patients diagnosed with
treatment-resistant major depression (18 males, 32 females)
and 30 healthy volunteers with no psychiatric or medical
disorders (ten males, 20 females). The study was carried out
with the approval of the Gulhane Military Medical Academy
review boards.

The diagnosis was made with the Structured Clinical
Interview for DSM-Axis 1 Disorders diagnostic criteria
according to Diagnostic and Statistical Manual of Mental
Disorders, 4th Edition, Text Revision (DSM-IV-TR). Disease
severity and control group were evaluated with the 17-item
Hamilton Depression Rating Scale (HAM-D). Control
group that had a HAM-D score <7 was included. A form
was completed before the study with the sociodemographic
data of both the patients and the control group (age, educa-
tion level, marital status, alcohol and substance use history,
familial history of psychiatric illness in the family, physical
or psychiatric illness, suicide attempts, antidepressants and
psychotropic medication history, number of episodes, and
duration of recent disease).

Resistance to therapy was considered as a lack of response
to the appropriate dose and duration of antidepressant treat-
ment of two different groups.”® To determine the effect of
ECT only, no antidepressant or antipsychotic drugs were used
during treatment. Written informed consent was obtained
from all the study participants.

Exclusion criteria were those with comorbid axis I diagno-
ses (including bipolar depression), no history of organic illness,
psychoactive substance use in the previous month, mental
retardation, acute or chronic infections in the previous month,
nonsteroidal anti-inflammatory drugs or psychotropic drug
use in the previous 6 weeks, autoimmune, allergic, neoplastic,
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or endocrine disease which would constitute a risk for ECT,
failure to respond to 12 sessions of ECT, and familial history
of suicide or major depression (for the control group).

Application and sample collection

The necessary biochemical tests were applied and patients
were evaluated in terms of risk of ECT. The HAM-D scale
was applied at three different times: the day before starting
ECT treatment (TO0), the time of ECT clinical response (T1)
(defined as =50% in HAM-D scale compared to the initial
value), and the day after the end of ECT treatment (T2).
Blood was taken for measurement of IFN-gamma, IL-1,
IL-6, TNF-alpha, IL-10, and IL-4. Blood was collected only
once from the control group for the IFN-gamma, IL-1, IL-6,
TNF-alpha, IL-10, and IL-4 measurements.

ECT application

ECT was applied in the ECT room by a team of psychiatric
nurses, anesthesia technicians, anesthesia specialist, and
psychiatrist. All patients were administered propofol
(0.75-1 mg/kg) and succinylcholine (1 mg/kg) intrave-
nously for induction of anesthesia by an anesthesiologist.
A bilateral-bitemporal method, Spectrum Mecta 5000 Q
brand ECT device (MECTA Corporation, Tualatin, OR,
USA) was used. Brief pulse, square wave type 550—800 mA
(stimulus width 1-2 ms frequency of 40-90 Hz, duration
0.5-4 seconds, maximum charge 1,172 mC) was targeted
to occur by giving seizures for at least 25 seconds. The total
number of ECT sessions was between five and 12, applied at
three times a week. The ECT could be reduced or increased
depending on the patient’s clinical response.

IL-1, IL-6, TNF-alpha, IL-10, IL-4, and
IFN-gamma measurement

After 8-12 hours of fasting between 8 and 10 am, 5 mL blood
samples were withdrawn from the antecubital vein of the
patients and the control group. Blood was transferred to plain
tubes without anticoagulants for the measurement of IL-1, IL-6,
TNF-alpha, IL-10, IL-4, and IFN-gamma. After storage at4.0°C
for 4 hours, the blood samples were centrifuged at 3,000 rpm
for 15 minutes. Until the time of analysis, blood was stored
at —80°C in Eppendorf tubes. Measurement of cytokines was
performed by enzyme-linked immunosorbent assay method
with Cyteelisa kits (RayBiotech Inc., Norcross, GA, USA).

Statistical methods
For data analysis, SPSS Version 15 (SPSS Inc., Chicago,
IL, USA) was used. Continuous variables were expressed

as mean t standard deviation and discrete variables were
expressed as number and percentage. Conformity to normal
distribution of the continuous variables was examined with
the Kolmogorov—Smirnov test. Differences between the
groups in discrete variables were evaluated using Pearson’s
chi-square test. The Kruskal-Wallis test was performed to
compare multiple groups. When continuous variables did
not show normal distribution, the Bonferroni corrected
Mann—Whitney U-test was used for post hoc comparisons.
The Student’s #-test was used for continuous variables with
parametric conditions, and the Mann—Whitney U-test was
used with nonparametric conditions. The paired-sample
t-test was used for comparison of dependent groups and for
evaluation of the correlation between variables, the Pearson’s
correlation test was used. A value of P<<0.05 was considered
statistically significant.

Results

Sociodemographic characteristics
The study was conducted on 50 patients with treatment-
resistant major depression. The data of the patient group were
compared with the control group data. No statistically sig-
nificant difference was determined between the groups with
respect to age, sex, marital status, and education level.

The sociodemographic characteristics of the patient and
control groups are presented in Table 1.

Clinical treatment and change scale

The mean HAM-D scores of the patients were determined as
30.66t4.11 at TO, 15.73£3.36 at T1, and 12.9314.98 at T2.
The reduction in HAM-D scores was found to be statistically
significant in the periods TO-T1, T1-T2, and TO-T2 with ECT
treatment (TO-T1: £=38.65, P<<0.05; TO-T2: 1=21.64, P<<0.05;
T1-T2: t=4.14, P<<0.05; t: dependent samples #-test).

IL-1, IL-6, TNF-alpha, IL-10, IL-4, and
IFN-gamma measurement

In the 50 cases of treatment-resistant major depression, the
mean values of IL-1, IL-6, TNF-alpha, IL-10, IL-4, and
IFN-gamma before treatment were found to be 45.40+33.46,
34.98436.89, 86.49£17.06, 16.88+24.84, 22.60+£14.12, and
21.56120.67 pQ/mL, respectively. The pretreatment levels
of IL-1, IL-4, IL-6, IL-10, TNF-alpha, and IFN-gamma of
the patient group were compared with the control group,
and statistically significant differences were determined.
The levels of IL-1, TNF-alpha, and IL-10 were lower in
the patient group than in the control group, and IL-4 and
IFN-gamma were significantly higher than in the control
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Table | Sociodemographic and clinical characteristics of the participants

Sociodemographic and Major depression Control Statistical
clinical characteristics (n=50) (n=30) iy P-value
Sex, n (%)
Male 18 (36.0) 10 (33.3) 0.05 0.80
Female 32 (64.0) 20 (66.7)
Age (years), mean = SD 33£5.9 31.245.5 1.20 0.23
Education level, n (%)
Primary education 12 (24.0) 5(16.7) 0.63 0.72
High school 25 (50.0) 17 (56.7)
Higher education 13 (26.0) 8 (26.7)
Marital status, n (%)
Married 21 (42.0) 17 (56.7) 1.6l 0.20
Single 29 (58.0) 13 (43.3)
Family history of major depression, n (%)
Yes 19 (38.0) Not applicable
No 31 (62.0) Not applicable
Suicide attempt, n (%)
Yes 21 (42) Not applicable
No 29 (58) Not applicable
The number of depressive episodes, mean + SD (min—max) 2.9+1.9 (1-8) Not applicable
Last depressive episode time (months), mean £ SD (min-max) 6.1£1.3 (4-9) Not applicable
ECT number, mean + SD (min—max) 8.6+1.7 (5-12) Not applicable

T1 number of ECT, mean + SD (min—-max)

5.06+0.8 (3-7)

Not applicable

Notes: *Student’s t-test; y>= Pearson’s chi-square test.

Abbreviations: ECT, electroconvulsive therapy; HAM-D, |7-item Hamilton Depression Rating Scale; max, maximum; min, minimum; SD, standard deviation; T1, the time
of ECT clinical response (defined as =50% in HAM-D scale compared to the initial value).

group (IL-1: =3.81, P<<0.05, TNF-alpha: /=3.05, P<<0.05,
IL-10: £=2.29, P<<0.05, IL-4: 1=3.43, P<<0.05, IFN-gamma:
1=2.88, P<<0.05) (Table 2).

No statistically significant correlation was determined
between the HAM-D scores and pretreatment levels of IL-1,
IL-6, TNF-alpha, IL-10, IL-4, IFN-gamma, and demographic
data (age, sex, family history, marital status, suicide tenden-
cies) of the patient group.

The mean values of IL-1, IL-6, TNF-alpha, IL-10, IL-4,
and IFN-gamma of the patients treated with ECT at TO, T1,
and T2 are given in Figure 1.

The mean levels of IL-1 and IL-10 increased in all peri-
ods (TO-T1, T1-T2, T0-T2) in the patient group treated
with ECT. Mean IL-4, TNF-alpha, and IFN-gamma levels
decreased in all periods (T0-T1, T1-T2, TO-T2). The
decrease in IL-4 levels and the increase in IL-1 and IL-10
levels were statistically significant at all periods. The increase
in IFN-gamma levels at T1-T2 and T0-T2 was statistically
significant and not significant at TO-T1 (Table 3).

Relationship between HAM-D scores
with IL-1, IL-6, TNF-alpha, IL-10, IL-4, and
IFN-gamma measurement

No statistically significant correlation was determined
between the HAM-D scores (T1, T2) and the mean levels of
IL-1,IL-6, TNF-alpha, IL-10, IL-4, and IFN-gamma (T1, T2)

in the patients after ECT (=0.121, P=0.61). There was no
statistically significant correlation between the reduction
in HAM-D scores and the changes in the IL-1, IL-6, TNF-
alpha, IL-10, IL-4, and IFN-gamma levels (T0-T2: IL-1
[r=0.52, P=0.78], IL-6 [r=0.00, P=0.96], TNF-alpha [=0.00,
P=0.75],1L-10 [r=0.12, P=0.49], IL-4 [r=0.16, P=0.37], and
IFN-gamma [7=0.07, P=0.69]).

Discussion

This prospective, nonrandomized, controlled study investi-
gated the levels of serum IL-1, IL-6, TNF-alpha, IL-10, IL-4,
and IFN-gamma and their alterations due to ECT therapy in
patients with treatment-resistant major depression. The lev-
els of IL-1, TNF-alpha, and IL-10 were found to be higher
before treatment in the patients with treatment-resistant major
depression than in the control group. There was no significant
difference in the levels of IL-6 before and after the treatment
when compared to the control group. It was seen that the
increase in the levels of IL-1 and IL-10 and the decrease in the
levels of IL-4 and IFN-gamma were statistically significant
with the treatment. In addition, it was considered that the
severity of major depression decreased with ECT. Never-
theless, no significant relationship was determined between
the decrease in the severity of major depression (decrease in
HAM-D scores) and the alteration in the levels of IL-1, IL-6,
TNF-alpha, IL-10, IL-4, and IFN-gamma after the ECT.
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Table 2 Comparison with control and patient groups: IL-1, IL-6, TNF-alpha, IL-10, IL-4, and IFN-gamma

Immunomodulators Major depression (n=50), Control (n=30), Statistical
mean + SD (pg/mL) mean + SD (pg/mL) t P-value

IL-1

TO 45.40+33.46 81.89+52.08 3.8l 0.00%*

TI 61.57+44.19 1.86 0.06

T2 02.19£118.59 0.88 0.37
IL-6

TO 34.98+36.89 35.54+20.56 0.07 0.93

Tl 22.55+8.18 3.98 0.00°%*

T2 44.56193.59 0.51 0.60
TNF-alpha

TO 86.49+17.06 98.59+17.27 3.05 0.00%*

TI 78.71+21.74 4.26 0.00%*

T2 78.28+11.48 6.31 0.00%*
IL-10

TO 16.88+24.84 28.42+15.27 229 0.02°%*

TI 25.114+25.45 0.64 0.52

T2 32.39+18.07 1.00 0.31
IL-4

TO 22.60+14.12 12.71£9.05 343 0.00**

TI 15.07+10.62 1.0l 0.31

T2 8.45+7.58 226 0.02+*
IFN-gamma

TO 21.56+20.67 10.26+7.32 2.88 0.00%*

TI 16.86+9.70 321 0.00°**

T2 11.57+9.93 0.62 0.53

Note: *P<0.05.

Abbreviations: ECT, electroconvulsive therapy; HAM-D, |17-item Hamilton Depression Rating Scale; IFN, interferon; IL, interleukin; SD, standard deviation; t, Student’s
t-test; TO, the day before starting ECT treatment; T1, the time of ECT clinical response (defined as =50% in HAM-D scale compared to the initial value); T2, the day after
the end of ECT treatment; TNF, tumor necrosis factor.
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Period

Immunomodulators TO T1 T2 Control
IL-1 (pg/mL) 45.40+33.46 61.57+44.19 102.19+118.59 81.89+52.08
IL-6 (pg/mL) 34.98+36.89 22.55+8.18 44.56+93.59 35.54+20.56
TNF-alpha (pg/mL) 86.49+17.06 78.71+21.74 78.28+11.48 98.59+17.27
IL-10 (pg/mL) 16.88+24.84 25.11+25.45 32.39+18.07 28.42+15.27
IL-4 (pg/mL) 22.60+14.12 15.07+10.62 8.45+7.58 12.71+9.05
IFN-gamma (pg/mL) 21.56+20.67 16.86+9.70 11.57+9.93 10.26+7.32

Figure | Changes in serum IL-1, IL-6, TNF-alpha, IL-10, IL-4, and IFN-gamma levels with ECT treatment.

Note: Data presented as mean + SD.

Abbreviations: ECT, electroconvulsive therapy; HAM-D, 17-item Hamilton Depression Rating Scale; IFN, interferon; IL, interleukin; TNF, tumor necrosis factor; TO, the
day before starting ECT treatment; T1, the time of ECT clinical response (defined as =50% in HAM-D scale compared to the initial value); T2, the day after the end of ECT
treatment.
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Table 3 Changes in cytokine levels in patients with ECT treatment

Immunomodulators TO0 (mean + SD) TI (mean = SD) T2 (mean £ SD) Statistical
P-value Comparison t-test

IL-1 (pg/mL) 45.40+33.46 61.57t44.19 102.19+118.59 <0.05* TO<TI<T2

IL-6 (pg/mL) 34.98+36.89 22.55+8.18 44.561+93.59 >0.05 TO=TI1=T2
TNF-alpha (pg/mL) 86.49+17.06 78.71+£21.74 78.28+11.48 >0.05 TO=TI1=T2

IL-10 (pg/mL) 16.88+24.84 25.11+£25.45 32.39+18.07 <0.05* TO<TI<T2

IL-4 (pg/mL) 22.60£14.12 15.07+10.62 8.45+7.58 <0.05* TO>TI>T2
IFN-gamma (pg/mL) 21.56+20.67 16.8619.70 11.57£9.93 <0.05* TO=TI1>T2

Note: *P<<0.05.

Abbreviations: ECT, electroconvulsive therapy; HAM-D, |7-item Hamilton Depression Rating Scale; IFN, interferon; IL, interleukin; SD, standard deviation; t, Student’s
t-test; TO, the day before starting ECT treatment; T1, the time of ECT clinical response (defined as =50% in HAM-D scale compared to the initial value); T2, the day after

the end of ECT treatment; TNF, tumor necrosis factor.

In a meta-analysis study investigating cytokine levels in
depressive disorder, a significant positive correlation was
detected between depression and the levels of IL-1, IL-6,
and CRP.'" In another meta-analysis, it was determined that
TNF-alpha and IL-6 levels were higher in the depression
group than the control group but IL-10, IL-4, IL-8, IL-10, and
IFN-gamma levels were not different between the patient and
control groups. As a result, it was concluded that the levels of
TNF-alpha and IL-6 increase in major depression and these
findings prove that there is an activation of the immune sys-
tem in depression.!'' In a community study with a large sample
size (2,861 individuals), a positive correlation was deter-
mined between depressive symptoms and the levels of IL-6,
TNF-alpha, and CRP. It was reported that there is a relation-
ship between the somatic symptoms of both depression and
anxiety and the levels of IL-6, TNF-alpha, and CRP. It was
claimed that depression and somatic symptoms of anxiety
may have a relationship with inflammation.!? Furthermore,
it was proposed that the levels of proinflammatory cytokines
decrease with antidepressant treatment.>*® When the studies
investigating the effect of ECT on the levels of serum cytok-
ines were reviewed, it was seen in one study that the levels of
IL-1 beta and IL-6 increased after the third and sixth hours
of ECT treatment. In the same study, a correlation was also
determined between IL-6 levels and the stimulus applied and
it was stated that this may be a mechanism that indicates neu-
ronal depolarization.?® In another study, the TNF-alpha levels
of 15 patients with depression were compared with healthy
individuals before, during, and after ECT treatment and the
TNF-alpha levels were seen to significantly decrease with
ECT treatment.*® Furthermore, the hypothesis of dysregulated
cytokine levels is strengthened by the report of the successful
use of ECT in a patient who developed major depression
while receiving IFN-alpha-2b for hepatitis C.3! These results
demonstrate that ECT is associated with cytokine levels in
the circulation. However, the present study differs in some

respects from these studies. It is known that IL-1, IL-2, IL-6,
TNF-alpha, and IFN-gamma are proinflammatory and I1L-4,
IL-10, IL-12, and IL-13 are anti-inflammatory cytokines.
Some cytokines, such as IL-8, have both proinflammatory
and anti-inflammatory effects. The common opinion in
psychoneuroimmunological studies is that just as there is an
increase in proinflammatory cytokine levels as a response to
encountering a pathogen or to tissue damage, psychosocial
stressors also cause an increase in the cytokine levels and
mediate the communication between the immune system
and the brain. In the current study, in parallel with previous
studies, the levels of IFN-gamma, which is a proinflamma-
tory cytokine, were found to be higher in the patients with
depression than in the control group and levels of IL-10,
which is an anti-inflammatory cytokine, were lower than in
the control group. Serum IFN-gamma levels significantly
decreased, while serum IL-10 levels increased with ECT
treatment. Similar levels were observed after the treatment
when compared with healthy controls. In addition, IL-10
levels responded faster to the treatment than IFN-gamma
levels and displayed a profile similar to the healthy control
subjects in the T1 period (Table 2). In contrast to previous
studies, in the current study, IL-1 and TNF-alpha levels,
which are proinflammatory cytokines, were found to be lower
in the patients with depression than in the healthy control
group, whereas no significant alteration in IL-6 levels was
detected. Contrary to previous research, levels of IL-4, which
is an anti-inflammatory cytokine, were observed to be higher
in patients with depression. This finding may be due to sig-
nificant methodological factors that may have affected the
results. These discrepancies in the results may be explained
by the following elements: the inclusion of patients with
bipolar depression, patients receiving different antidepressant
treatment, or patients with no previous treatment and that
the study was conducted at different stages of the disease.
The type of application of ECT, anesthetic drugs used, and
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time of convulsion may also affect results, as there are data
suggesting that ECT treatment increases the proinflamma-
tory cytokines independently of the clinical process of the
patients. Lehtimaki et al® reported that IL-1A and IL-6 levels
increase after the third and sixth hours of ECT treatment. The
current study also supports the hypothesis that ECT treatment
causes an increase in [L-1 levels.

However, there are also studies reporting that there is
no association between depression and cytokines.’>* In a
study by Hocaoglu et al** comparing patients with major
depression and healthy controls, no difference was deter-
mined between 30 depressed patients and a healthy control
group with respect to the levels of IL-1f, IL-6, IL-8, IL-10,
TNF-alpha, and IFN-gamma. Although there is evidence
suggesting the opposite, the findings of previous studies and
those of the current study indicate that neuroinflammation
has a role in the etiopathogenesis and clinical process of
depressive disorder.

Limitations

One of the main limitations of the current study is the low
sample count, although in comparison with similar stud-
ies, it can be said to be higher or similar. To determine the
change in cytokine levels in ECT, broad participation studies
are needed to evaluate the significance of the relationship
between a reduction in depression severity and cytokine
level change.

Apart from age and sex, other factors, such as smoking,
alcohol use, exercise, and menstrual cycle can affect cytokine
levels. In the current study, the menstrual characteristics
of female patients and smoking habits were not evaluated.
Other limitations include the use of muff instead of electro-
encephalography to evaluate seizure duration and effect, and
the seizure durations were not similar for each patient. It is
still unclear what length of time is required for the realiza-
tion of significant changes with treatment (antidepressants
or ECT). Future studies with longer-term follow-up after
treatment could provide more meaningful results.

Conclusion and recommendations

The results of this study indicate that serum cytokine levels
in depressed patients are affected, however the changes did
not correlate with the severity of depressive symptoms.
The study also demonstrated that ECT treatment causes
changes in cytokine levels. There is a current debate regard-
ing immune mediators as biological markers for diagnosis
and the response to treatment of major depression. Immune
mediators in patients with major depression have been shown

to be different from those of healthy control subjects and
the decrease in this difference with treatment suggests that
immune mediators might be useful markers. As there are
a variety of cytokines in immune modulation, it would be
valuable to achieve clarity of the biology of cytokines for
diagnosis and the follow-up process of psychiatric disorders.
From the data of previous studies, it is difficult to say that
immune mediators are a specific marker for major depression.
There is a need for further studies of combined assessment
to provide a better understanding of the neuroimmunologi-
cal and genetic processes and psychobiological features of
mental disorders.
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