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Evaluation of Oxidative Status in Patients Treated with Electroconvulsive Therapy
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Objective: Electroconvulsive therapy (ECT) is used in the treatment of many psychiatric diseases and this therapy may be effec—
tive on antioxidant defence system, In this study, we aimed to evaluate the effects of ECT on oxidative stress,

Methods: Fourteen major depression, 11 schizophrenia and 8 bipolar affective disorder patients diagnosed and received ECT
treatment, and 37 healthy volunteers enrolled in the study, ECT was applied to all patients, Before ECT, after the first and last
ECTs, serum samples were obtained, Serum total antioxidant status (TAS), total oxidant status (TOS), and calculated oxidative
stress index (OSI) were measured in patients before and after ECTSs,

Results: TOS values before ECT were higher in major depression (p=0.005) and schizophrenia (0=0.001) groups compared
to the control group, TAS values were lower in major depression (£=0,0001), schizophrenia (£=0,004), bipolar affective disorder
(p=0.,004) groups compared to the controls, Also OSI values were higher in major depression (p=0.0001), schizophrenia
(p=0.001), bipolar affective disorder (p=0.009) groups compared to healthy group, After the last ECT, TOS values were sig—
nificantly lower compared to TOS values before ECT in major depression (p=0.004) and schizophrenia patients (p=0,004). TAS
values after the first ECT were higher compared to values before ECT in major depression patients (0=0.004). After last ECT,
OSI values were significantly lower compared to before ECT in schizophrenia patients (p=0,006).

Conclusion: As a result, it can be said that ECT did not increase oxidative stress, However, further studies with more patients
are needed,
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result of increase in levels of oxidants and /or reduction in
the level of antioxidants.

The increase in oxidative stress was determined more
than 100 different diseases.” There are several studies on

INTRODUCTION

Atoms or molecules containing one or more unpaired
electronsare called oxidant or free radicals, and in bio-

logical reactions involving oxygen, some free radicals
may be produced. These toxic products mayhave a role in
the etiology of the disease by damaging carbohydrates,
proteins, lipids and DNA structures incells. The sub-
stances eliminating the harmful effects of oxidative prod-
ucts are called antioxidants. Antioxidant defence system
comprises enzymatic components (e.g., superoxide dis-
mutase [SOD], catalase [CAT], glutathione peroxidase
[GPx] and glutathione reductase) and non-enzymatic
components (e.g., albumin, uric acid, bilirubin, vitamin E,
vitamin C, and B—carotene).l) Oxidative stres occurs as a
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the effects of free radicals in psychiatric disorders. For a
long time, scientific evidence is available about the deteri-
oration in the balance of oxidative metabolism in psychi-
atric disorders such as schizophrenia, bipolar disorder and
anxiety disorders. Cause-effect relationship between psy-
chiatric disorders and increase in oxidants is still not fully
elucidated. In other words, it is not clear that whether in-
creased oxidant parameters cause psychiatric disorders or
psychiatric diseases cause increases in oxidant parame-
ters. The available data suggest that oxidants may lead to
psychiatric disorders.”

Electroconvulsive therapy (ECT) is considered to be
one of the effective treatment options for many psychiatric
disorders such as major depression, bipolar disorder,
schizophrenia and schizoaffective disorder.”’” Which
mechanisms that ECT carried out its clinical benefitsis
currently under discussion. The effects of ECT on the oxi-
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dant-antioxidant status were studied and different results
were found. In one study, while oxidative lipid dam-
agewas observed only in the frontal cortex in rats after
ECT, such effect could not be found in hippocampus, cer-
ebellum and pons.” In another study, it has been de-
termined that, malondialdehyde (MDA), an indicator of
oxidative lipid damage, decreased, GPx and SOD activ-
ities increased in the brain samples after single and re-
peated ECT compared with before values.” In patients
with schizophrenia, while MDA levels decreased after 9th
ECT, this finding was not observed after the first ECT.
CAT activity, glutathione, and nitric oxide levels did not
change after ECT.” Since the measurement of different
oxidant and antioxidant molecules is not practical and
cheap and their effects are additive, we measured total oxi-
dant status (TOS) and total antioxidant status (TAS).Z)
TOS, TAS, and OSI which allow us to make an exact com-
ment on the oxidant and antioxidant balance are studied as
oxidative stress markers for human.'”

The effect of ECT on oxidative metabolism is waiting for
being elucidated with new studies which will be performed.

In this study we aimed to investigate the total oxidant
status and total antioxidant status in psychiatric patients
undergone ECT; to evaluate oxidative metabolism by cal-
culating the oxidative stress index (OSI) according to this
conditions. Thus, we aimed to investigate the relationship be-
tween some psychiatric disorders and the oxidative metabo-
lism and the changes occured by ECT in this metabolism.

METHODS

A total of 33 patients (11 with schizophrenia, 8 with bi-
polar disorder and 14 with major depression) were in-
cluded this study; thirty seven healthy subjects with similar
age and sex and matching with the same exclusion criteria
with the group of patients were used as the control group.

The approval of Pamukkale University Medical Ethics
Committee with date of November 8, 2010 and number of
2010/119 was included in the study. The study participants
were asked to complete a written informed consent form.
The medical records and follow-up notes of the patients
were examined; socio-demographic variables such as age,
sex, diseases, drugs used, regular exercise, smoking status
were noted.

The individuals using alcohol, vitamin C, A, E, folic
acid, and xanthine oxidase inhibitors, who have chronic
diseases (cancer, diabetes, chronic kidney or liver disease)
and severe neurological diseases such as Parkinson’s,
Alzheimer’s, were excluded from this study.

Samples Collection

The blood samples were taken from all patients follow-
ing the 8-hour of fasting before ECT, four hours after the
first ECT and 4 hours after the termination of cure of ECT.
Also, blood samples were taken from the control group
following the 8-hour of fasting. Serum samples obtained
were stored at —80°C to freezer until analysis date. TAS
was determined using a novel-automated measurement
method developed by Erel.” Serum TOS levels were meas-
ured using an automated colorimetric method of Erel.'”

The TOS/TAS ratio was used as OSI. OSI was calcu-
lated as follows: OSI=[(TOS, pumol H>O, equivalent/L)/
(TAS, pmol Trolox equivalent/L) x100].

Three patients were excluded from the study due to the
fact that two patients (one major depression, one bipolar
disorder) had grossly hemolyzed serum, one patient in bi-
polar disorder group could not complete the ECT treat-
ment, and the data of these patients were not used in any
analysis of study.

Statistical Analysis

The data were statistically analyzed using the SPSS ver.
15.0 (SPSS Inc., Chicago, IL, USA) program package.
Results are expressed as median (1st and 3rd quarter per-
centages). Mann-Whitney test following Kruskall Wallis
were used for comparison of the groups as appropriate.
The comparisons of serum TAS, TOS, and OSI values in
patients before and after ECT were assessed by Wilcoxon
signed rank test following Friedman test. Bonferroni cor-
rection was used to resolve a problem of multiple testing.
Chi-square was used to test the association between cate-
gorical outcome variables. Spearman rank correlation test
was used for analysis of correlations among results. The p
value was set at 0.05. After Bonferroni correction of the 3
and 4 difference groups the significance levels were 0.016
and 0.0125.

RESULTS

The anthropometric characteristics of the patient and
the control groups were given in Table 1. There was no dif-
ference among the groups in terms of age and gender (p >
0.05). Body mass index (BMI) values of the control group
showed a statistically significant decrease in comparison with
BMI values of patients with major depression (p <0.001). The
number of smokers was significantly less than the number of
non-smokers in the control group (p <0.001).

Before ECT, TOS values of the patients with schizo-
phrenia (p=0.001), bipolar disorder and major depression
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Table 1. The anthropometric characteristics of the patients and the control group

Control group (n=37)

Schizophrenia (n=11)

Bipolar disorder (n=8) Maijor depression (n=14)

Age (yr) 29 (23.5-37) 32 (26-41) 23.5 (19.5-35.2) 40 (23.5-53)
Sex

Male 17 (45.9) 7 (63.6) 4 (50.0) 7 (50.0)

Female 20 (54.1) 4 (36.4) 4 (50.0) 7 (50.0)
Body mass index (kg/m?) 24.0 (21.5-25.8) 26.2 (20.8-28.2) 29.8 (25.5-34.1) 28.6 (26.9-31.6)
Smoking 7 (18.9) 4 (36.4) 4 (50.0) 7 (50.0)
Antidepressant 4 (36.4) 1(12.5) 14 (100)
Antipsychotic 11 (100) 8 (100) 14 (100)
Anxiolytic 1.1 3 (37.5) 4 (28.6)
Mood regulator 2 (18.2) 8 (100) 5 (35.7)

Values are presented as median (inferquartile range) or number (%).
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- [ Atter the first ECT (umol H,O, equivalent/L)

I After the last ECT (umol H,O, equivalent/L)
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Fig. 1. Total oxidant status levels of control and patients groups.
ECT, electroconvulsive therapy.

(p=0.005) were higher than those of the control group, but
this difference was not statistically significant only in the
bipolar disorder group (p>0.05) (Fig. 1). TAS prior to
ECT in patients with schizophrenia (p=0.004), bipolar
disorder (p=0.004) and major depression (p <0.001) was
significantly lower than in control group (Fig. 2). OSI val-
ues before ECT in the control group were significantly
lower than those of the patients with schizophrenia
(»=0.001), bipolar disorder (p=0.009) major depression (p
<0.001) (Table 2, Fig. 3). When we controlled BMI in the
statistical analyses we found that before ECT TOS and
OSI levels were higher in the three patients groups than
the control group (p <0.001). Also TAS levels were lower
in the three patients groups than the control group (p
<0.001). When we examine TOS, TAS, OSI parameters
according to the smoking factor in patients, there were sig-
nificant increseses in TOS and OSI levels between schizo-

[1 Before ECT (umol Trolox equivalent/L)
_ [ After the first ECT (umol Trolox equivalent/L)

4 I After the last ECT (umol Trolox equivalent/L)
3 -
} H
1 -
0 -
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Fig. 2. Total anfioxidant stafus levels of control and patients groups.
ECT, electroconvulsive therapy.

phrenia (p <0.001; p <0.001), bipolar disorder (p=0.005;
p=0.001), major depression groups (p <0.001; p<0.001)
and control group. Also TAS levels were lower in the
schizophrenia (p <0.001), bipolar disorder (p=0.001), ma-
jor depression (p <0.001) groups than the control group.

After the last ECT, TOS values in patients with major
depression and schizophrenia were significantly lower
than the before ECT values (p=0.004 for both) (Table 2).

It has been demostrated that after the first ECT, TAS
values were higher in patients with major depression com-
pared to before ECT values (p=0.004). There was no stat-
istically significant difference between after the last and
the first ECT in terms of TAS values in three patient
groups (Table 2).

OSI values after the first ECT were lower than in pa-
tients with bipolar disorder, major depression and schizo-
phrenia to the before ECT values, but this reduction was
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Table 2. Oxidative values before and after electroconvulsive therapy (ECT)

Control group (n=37)

Schizophrenia (n=11)

Bipolar disorder (n=8) Major depression (n=14)

TOS before ECT 4.42 (3.12-5.16)
TOS affer the first ECT
TOS affer the last ECT
TAS before ECT 1.55 (1.30-2.19)

TAS after the first ECT
TAS after the last ECT
OSl before ECT

O8I affer the first ECT
QOSI affer the last ECT

0.26 (0.17-0.39)

7.72 (4.80-10.3)*
5.76 (3.87-6.25)
3.22 (2.11-7.35)**
0.87 (0.66-1.56)"
1.16 (0.95-1.77)
1.11 (0.81-1.28)
1.08 (0.39-1.76)*
0.52 (0.23-1.02)
0.34 (0.19-0.57)" T

5.47 (4.39-6.34)"
427 (3.71-5.15)
4.06 (3.26-4.75)**
0.89 (0.77-1.05)°
1.34 (0.83-1.55)**
1.03 (0.61-1.56)
0.63 (0.42-0.93)
0.30 (0.27-0.55)
0.41 (0.24-0.69)

5.64 (3.40-6.54)
3.99 (3.07-5.72)
4.01 (2.90-5.60)
0.77 (0.66-1.26)"
1.06 (0.96-1.27)
1.30 (0.85-1.74)
0.56 (0.32-0.89)"
0.32 (0.27-0.61)
0.30 (0.19-0.59)

Values are presented as median (interquartile range).

The values of TOS, TAS, OSI were given as umol HOz2 equivalent/ L, mmol Trolox equivalent/ L, (umol/ L H2O2) / (umol/L Trolox), respectively.
*0=0.001, Tp=0.005, Tp=0.004, $p=0.0001, and "p=0.009 compared with controls; **p=0.004 and T Tp=0.006 compared with before ECT values.
TOS, total oxidant status; TAS, total antioxidant status; OSI, oxidative stress index.

41 [ Before ECT (umol/L H,0,)/(umol/L Trolox)
[ After the first ECT (umol/L H,0,)/(umol/L Trolox)
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Fig. 3. Oxidative stress index levels of control and patients groups.
ECT, electroconvulsive therapy.

not significant (p > 0.05, p=0.019, p=0.033, respectively).
Statistically significant difference between last ECT and
before ECT OSI values was found only in the patients with
schizophrenia (p=0.006) (Table 2).

When we analyzed the correlation between the TOS,
TAS, and OSI levels, TOS and OSI a significant positive
correlation was found between them in major depression
and schizophrenia (r=0.667, p=0.009; r=0.918, p=0.0001
respectively); a negative correlation was found between the
serum TOS and TAS levels in schizophrenia (r=—0.736,
p=0.01). Also a negative correlation was found between the
TAS and OSI levels in major depression, schizophrenia and
bipolar disorder (=—0.761, p=0.002; =—0.891, p=0.0001;
=—0.833, p=0.01, respectively) (Table 3).

DISCUSSION

The results of investigations regarding to the effects of

ECT on oxidative metabolism are controversial and
inadequate.”®'>'” In an animal experiment, Feier et al”?
showed that, after single or eight electroconvulsive
shocks, while lipid peroxidation product, MDA and pro-
tein carbonyl levels, showing protein damage, increased,
the activity of SOD and CAT decreased in various regions
of the brain of rats. In other words, there was an increase
in oxidative stress and decrease in antioxidant enzymes
activities after the electroconvulsive shock.'” In another
study, Erakovi¢ et al"? reported decreases in SOD and
CAT activities after single and repeated electroconvulsive
shocks, in some parts of the rat brain, and determined that
these enzymes did not return to normal levels even after 24
and 48 hours. Zupan et al.” found that the oxidative re-
sponse in brain after single electroconvulsive shock
showed regional differences, only frontal cortex was sub-
jected to oxidative damage. Lipid peroxidation was not
observed in some areas such as hippocampus, cerebellum,
even increases in SOD and GPX activities were detected
in these regions. Jornada et al.'” did not observe evidence
of lipid peroxidation and protein damagein the hippo-
campus, cerebral cortex, cerebellum and striatumin 48th
hour and on 7th day after electroconvulsive shock.
Barichello ez al.*’ examined the oxidative changes in brain
of rats occuring on the 0, 48th hours, 7th and 30th days af-
ter single and eight electroconvulsive shocks. Unlike the
above-mentioned findings, a decrease in MDA levels in
the brain after a single electroconvulsive shock on the 0
hour and 30th day and a decrease in protein carbonyl
groups on the 7th and 30th days were determined. In the
48th hour after single electroconvulsive shock, only SOD
activity was found to be increased; on the 7th day after re-
peated electroconvulsive shocks, SOD and CAT activities
were found to be increased.”

It has been reported that, convulsion increases the re-
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Table 3. Correlation table

TOS-TAS TOS-OSI TAS-OS|
r value p value r value p value r value p value
Major depression —0.232 >0.05 0.667 0.009** —0.761 0.002**
Schizophrenia —0.736 0.010** 0.918 0.0001** —0.891 0.0001**
Bipolar disorder 0.048 >0.05 0.452 >0.05 —0.833 0.010**

*p<0.05, **p<0.01, r correlation coefficient.

TOS, total oxidant status; TAS, total antioxidant status; OSI, oxidative stress index.

lease of excitatory neurotransmitters, and causes oxida-
tive damage in the central nervous system secondary to
this increase.”” On the basis of this information, it is ex-
pected that, oxidative stress increases after electroconvul-
sive shock. However, excitation after electroconvulsive
shock may not play a major role in oxidative stress unlike
previous animal models, thus oxidative damage may not
be observed. Also, oxidative stress may depend on varia-
bility in the dose or duration of electroconvulsive shock.

Although it is not in complete agreement with our
study, the study of Barichello et al? supported our study
demostrating that TAS levels increased and TOS levels
decreased after ECT. However, it should not be forgotten
that, the oxidant and antioxidant status examined in pe-
ripheral blood, which is one of the limitations of our study-
may not reflect the oxidative stress in the brain exactly.
Also, the presence of any psychiatric illness was not re-
ported in animal studies and it is possible that, as opposed
to ECT treatment in human studies, sufficient oxygen-
ation is likely not to be achieved in experimental studies.

In our study, significant differences in TOS and OSI
values were not observed when before and after the first
ECT values were compared in all groups, but, only in ma-
jor depression patients, TAS values after first ECT were
higher than in before ECT values. But, there was no sig-
nificant difference between before ECT and last ECT in
terms of TAS levels in major depression patients. After the
last ECT, TOS values significantly decreased in major de-
pression and schizophrenia group, OSI values sig-
nificantly decreased in schizophrenia group compared to
before ECT values. From these data, it can be said that
ECT may not lead to oxidative stress, contrary ECT may
reduce oxidative stress. Decreasing TOS levels, in con-
trary to expectations after ECT treatment, may bring to
mind that ECT reduces oxidative stress via a different
mechanism. It may have protective effect against oxida-
tive damage by increasing total antioxidant status (we
found that TAS values after first ECT increased in major
depression). However, repeated ECT application may not
effective in increasing TAS levels. It may be speculated

that recurrent ECT application may prevent the formation
of reactive oxygen species without affecting the TAS
values. Additionally, it may decrease oxidants via treat-
ment of psychiatric illness. Prevention of muscle con-
traction with anesthesia and giving oxygen during the
ECT application may also prevent the increase of
oxidants.

Virit et al.'® investigated the effects of ECT on serum
MDA, NO levels and, xanthine oxidase and SOD activ-
ities in patients with major depression and bipolar dis-
orders and they found that SOD activity decreased after
ECT. In the study conducted by Kartalci ef al. ? on the pa-
tients with schizophrenia, it was observed that plasma
MDA levels and CAT activity were higher in patients than
in healthy controls. They could not find any significant
difference between two groups before ECT treatment in
terms of plasma levels of NO and activity of GSH.
Although, before ECT, plasma MDA levels similar to af-
ter first ECT values, it has been determined that, after the
9th ECT, MDA levels significantly decreased compared
to the values before ECT.” This finding supports our find-
ing (the decrease in TOS levels after the last ECT in pa-
tients with schizophrenia and major depression).

The relation of oxidant-antioxidant and drug treatment
must be taken into account in these three disease groups
when the changes in oxidative metabolism after ECT are
being evaluated.

Furthermore, Herken ez al.'” observed increase in SOD
activities and decrease in XO activities and NO levels af-
ter 8 weeks of antidepressant treatment. Khanzode et al. 18)
found that, the antidepressant treatment reduced the levels
of MDA and activities of SOD, increased the amount of
ascorbic acid. Sarandol er al.'” did not observe any
change of red blood cell (RBC) SOD activity, whole blood
GPx, plasma vitamin E, vitamin C, carotenoid with anti-
depressant treatment. Cumurcu et a/ 20 suggested that the
levels of TOS and OSI decreased and the level of TAS in-
creased in patients with major depression after treatment.

Raffa et al.”” claimed that antioxidants such as gluta-
thione, the activity of the RBC SOD did not alter by treat-
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ment of patients with schizophrenia. Dakhale ez al.”> sug-
gested that MDA and SOD values decreased and ascorbic
acid increased with treatment. Padurariu e al.* demon-
strated the increase in the values of SOD in patients with
schizophrenia treated with antipsychotics.

As a result of the chronic treatment of patients with bi-
polar disorder with valproate, which is a mood stabilizer,
Wang et al Y observed that glutathione-S-transferase iso-
enzymes increased mRNA expression in cultured
neurons. Again, Wang et al 2 found that mood regulators
protected neuronal lipids and proteins against oxidative
damage. Selek et al”® claimed that NO levels decreased,
SOD activity increased after treatment in patients with bi-
polar disorders. It has been demostrated that, there was a
significant improvement in depressive symptoms, func-
tioning and quality of life with the addition of glutathione
precursors N-acetylcysteine which is an antioxidant, in
the treatment of patients with bipolar disorder.””

It has been demonstrated that, antidepressant, anti-
psychotic and mood regulators had a protective effect
against neuronal damage in patients with psychiatric dis-
orders by eliminating or reducing oxidative stress often
appears to be increased. These data are important for our
study because in human studies, ECT and drug therapy
were combined and the effect of this combined treatment
on oxidative metabolism was examined. In our study, drug
therapy was combined with ECT. Thus differences in the
results may be attributed to ECT. In the studies, without
making combination of ECT with drug therapy, examing
the effect of ECT only can give more scientific results.
However, to accomplish this seems not to be possible due
to unwanted situations such as propensity to commit sui-
cide can emerge in psychiatric patients during the time
without drug therapy.

Smoking affects oxidant-antioxidant balance in favour
of oxidation. In the study conducted by Ustundag et al Y
while statistical difference was not demostrated in TAS
values healthy smoker and nonsmoker participants, it has
been detected that TAS levels in smoking patients with
schizophrenia were lower than non-smokers ones. In the
study conducted by Kosecik et al.,” it has been found
that, the values of TOS and OSI were higher and TAS low-
er in children, who were passive smokers, than the non
passive smoker children. In our study, the control and pa-
tient groups were evaluated among themselves, it has been
observed that, there was no difference between smokers
and non-smokers in terms of TOS, TAS, and OSI.

There are some limitations in this study. The sample
size was small and we did not evaluate the other oxidant

and antioxidant parameters. And we do not make any meas-
urements of TAS, TOS, and OSI between first and last ECT.

As a conclusion, ECT may not be cause of oxidative
stress contrary to this decrease. Our study is the first study
evaluating OSI by examining TOS and TAS after ECT in
patients with schizophrenia. However, it is the first study
evaluating OSI by examining TOS and TAS after first
ECT in these psychiatric disorders.

However, further studies with more patients are needed.
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