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ABSTRACT

Background: There is a correlation between the increase in reactive oxygen radicals and the presence
of specific mental illnesses. In this context, the objective of this study is to investigate the relationship
between obsessive-compulsive disorder and the variations in the levels of several endogenous oxidative
stress markers.

Methods: Thirty obsessive-compulsive disorder patients were included in the study as the patient
group, and 30 healthy volunteers of matching demographic characteristics were included in the study
as the control group. Accordingly, the patient group consisted of 10 females and 20 males with a mean
age of 29.5 + 6.1 years, and the control group consisted of 15 females and 15 males with a mean age
of 31.9+5.6 years. The serum nicotinamide adenine dinucleotide phosphate oxidase-2, nicotinamide
adenine dinucleotide phosphate oxidase-4, and malondialdehyde levels of the 2 groups were compared
using the independent samples t-test. The relationships between the serum nicotinamide adenine
dinucleotide phosphate oxidase-2, nicotinamide adenine dinucleotide phosphate oxidase-4, and
malondialdehyde levels of the 2 groups were analyzed using the Pearson’s correlation coefficient.
Results: The serum nicotinamide adenine dinucleotide phosphate oxidase-2, nicotinamide adenine
dinucleotide phosphate oxidase-4, and malondialdehyde levels of the patient group were statistically
significantly higher than those of the control group (P < .001). Statistically significant positive
correlations were detected between the serum nicotinamide adenine dinucleotide phosphate
oxidase-2 and nicotinamide adenine dinucleotide phosphate oxidase-4 levels (r=0.692, P=.001) and
between the serum nicotinamide adenine dinucleotide phosphate oxidase-2 and malondialdehyde
levels (r=0.563, P=.001).

Conclusion: The results of this study indicated that oxidative stress and lipid peroxidation levels were
higher in obsessive-compulsive disorder patients. Based on this finding, NOX-2 and NOX-4 levels can be
used as indicators of endogenous oxidative stress in obsessive-compulsive disorder patients.
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INTRODUCTION

Obsessive-compulsive  disorder (OCD) consists of To date, the etiopathogenesis of OCD has not yet been

obsessions and compulsions outlined in the Diagnostic
and Statistical Manual of Mental Disorders, Fifth Edition
criteria. Obsessions are repetitive and persistent thoughts,
impulses, or images that are experienced involuntarily
and intrusively. Compulsions, on the other hand, are
repetitive behaviors and mental acts generally exhibited
in response to an obsession or a rule that must be strictly
adhered to.'" Obsessive-compulsive disorder is a chronic
neuropsychiatric disease that affects approximately 1%-3%
of the general population. Obsessive-compulsive disorder
can cause significant destruction and loss of workforce and
reduce quality of life.!

fully elucidated. Nevertheless, it has been estimated
that genetic, environmental, biochemical factors, for
example, neurotransmitter disorders, stress caused by
various traumatic experiences, and immunological factors,
play a role in its etiology.?? In addition, there is increasing
evidence that systemic dysregulation of inflammation and
oxidative stress play a role in OCD, as well.*

The immune system and the oxidative system are closely
related. Immune reactions generate numerous free
radicals, and immune system cells are very sensitive to
oxidative damage. Additionally, oxidative stress causes
aging and triggers diseases of the immune system.*
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In a healthy organism, oxidative stress reactions are in
balance. Free radicals are produced in normal metabolic
pathways and removed by means of antioxidant defense
mechanisms. This balance is disrupted in the event of
certain conditions or diseases, and free radicals begin
to accumulate in the organism.> The disruption of the
oxidative balance in favor of free radicals may damage the
lipids found in the structure of the cell membrane, thereby
negatively affecting the proteins and nucleic acids found in
the structures inside the cell.® This phenomenon is called
oxidative stress. Oxidative stress affects almost all organs
in the organism, among them the brain tissue, which has
the highest oxygenation compared to body mass, is the
most affected organ.>

It has been reported in several studies on psychiatric
diseases that oxidative stress plays a role in diseases such
as schizophrenia, mood disorders, anxiety disorders, and
autism.*” As a matter of fact, oxidative stress seems to
be a common feature in the pathologies of psychiatric
diseases, and OCD is no exception.*¢:810

Numerous biomarkershave beenused todetermineoxidative
damage. One of these biomarkers is malondialdehyde
(MDA), an oxidation marker, which is used as an indicator
of the lipid peroxidation caused by oxidative stress. There
are findings reported in the literature which indicate that
the serum concentrations of oxidative stress markers
including MDA significantly increase in individuals with
OCD.*®

Malondialdehyde levels of OCD patients were reported to
be higher than those of healthy control subjects in several
studies.®®'° In parallel, Shrivastava et al'' did not find a
significant difference between the MDA levels of the first-
degree relatives of OCD patients and those of healthy
control subjects. These findings suggest that high MDA
levels are associated with OCD.

Superoxide, which takes part in immunological reactions,
is one of the more important free radicals. Nicotinamide
adenine dinucleotide phosphate (NADPH) takes part
in the formation of superoxide. Nicotinamide adenine
dinucleotide phosphate works as an electron carrier on
biological membranes. Nicotinamide adenine dinucleotide
phosphate oxidase (NOX) enzymes catalyze the oxidation
of NADPH.™ It has been well-established in the last
10 years that oxidative damage, which originates from

MAIN POINTS

e The levels of NOX-2 and NOX-4 enzymes, the endogenous
oxidative stress sources, are higher in OCD patients than in
healthy control subjects.

e The levels of NOX-2 and NOX-4 enzymes are positively
correlated with the levels of MDA, an oxidative stress
marker.

« NOXinduced oxidative stress damage may be playing a role
etiopathogenesis of OCD.

the NOX enzyme family, affects cell nucleus, proteins, and
amino acids, and plays a role in lipid peroxidation and in
the oxidation of heavy metals.''* Accordingly, increases
in serum NOX levels have been used as an indicator of
endogenous oxidative reactions.” The 2 most important
and most studied members of the NOX enzyme family
are NOX-2 and NOX-4 enzymes.? Some NOX enzymes
have high affinity for tissue type and organ. In neurons,
it has been reported that NOX 1-2-3-4 have been induced
in pathological conditions such as oxidative stress.'
Nicotinamide adenine dinucleotide phosphate oxidase-2
has been the most studied NOX enzyme in the context
of etiopathogenesis of neuropsychiatric diseases, yet the
findings on NOX-1 and NOX-4 in the said context have also
begun to increase."

The increase in the serum levels of NOX-2 and NOX-4
associated with various diseases has been demonstrated
in several previously conducted studies, and this increase
was said to be of endogenous origin.'>'¢ Hernandes et al'’
reported that NOX-induced oxidative damage plays a role
in the pathogenesis of neurodegenerative disorders in
Alzheimer's and Parkinson's diseases. In addition, it was
reported in other studies that NOX-induced oxidative stress
damage plays a role in the pathogeneses of bipolar disorder,
anxiety disorder, and autism spectrum disorder.'®" It was
suggested that antidepressant drugs’ mechanism of action
may include improving the oxidative stress/antioxidant
function.?

In another study, it was reported that NOX can be activated
by various infectious agents, resulting in overproduction of
free oxygen radicals and that this can lead to the death
of the infected cells and trigger inflammatory response.?'
Furthermore, in another study, a relationship was found
between theincreaseinNOX-2 induced by bacterial products
and the obsessive-compulsive symptoms seen in children
with PANDAS (pediatric autoimmune neuropsychiatric
disorders associated with streptococcal infections).?
Nevertheless, to the best of authors’ knowledge, there
is no study available in the literature that addressed the
NOX-2 and NOX-4 levels in OCD patients.

In view of the foregoing, it was hypothesized in this
study that the oxidative balance would be impaired in
OCD patients, that the NOX-2 and NOX-4 levels in OCD
patients would be higher than those of controls, and that
the NOX-2 and NOX-4 levels would be correlated with
the MDA levels indicating oxidative damage. Based on
this hypothesis, this study was carried out to investigate
any relationship between OCD and the increase in the
biomarkers of endogenous oxidative stress. Accordingly,
first, the blood samples of OCD patients and healthy
control subjects were studied for endogenous NOX-2 and
NOX-4 enzymes, which have a role in oxidative pathways,
and MDA, and secondly, any correlation between the NOX-
2, NOX-4, and MDA levels was investigated based on the
results obtained.
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MATERIAL AND METHODS

The study protocol was approved by the Institutional
Ethics Committee of the Faculty of Medicine Ethics with
the decision numbered 08 and dated January 29, 2020.
Informed written consent forms were obtained from
all study participants. The study was conducted with
60 participants, of whom 30 were OCD patients and
30 were healthy control subjects, during the period of
February 1, 2020, and August 30, 2020. Inclusion criteria
were determined as having been diagnosed with OCD and
aged between 18 and 65, whereas the exclusion criteria
were determined as having additional neuropsychiatric
diseases and having chronic diseases.

The target sample size was determined as 60, half of which
would be OCD patients and the other half control subjects.
When the number determined during the study process
was reached, the recruitment of participants was stopped.
Individuals who were not suitable for the study due to
various reasons were excluded from the study without
sampling. This number is not recorded. Accordingly, the
first 30 patients, who were diagnosed with OCD according
to Diagnostic and Statistical Manual of Mental Disorders,
Fifth Edition (DSM-5) diagnostic criteria by a psychiatrist,
admitted to the psychiatry outpatient clinic of the Van
Yuzuncu Yil University, School of Medicine hospital during
the period of the study, and met the inclusion criteria
were included in the study. Diagnostic and clinical features
of the patients included in the study were reviewed by
a psychiatrist. Yale-Brown Obsessive Compulsive Scale
(Y-BOCS) was used to rate disease severity. Accordingly,
the disease severity of 3 patients was assessed as mild, 11
patients as moderate, 12 patients as severe, 2 patients as
very severe, and 2 patients as subclinical. The mean disease
duration in the patient group was calculated as 10.3 + 8.71
years. The OCD patients included in the patient group
significantly differed in terms of the type of treatment
they received for OCD, that is, while some received
certain types of medications or therapies, others were
treatment-naive. Given the relatively small sample size,
no differentiation could be made between the patients on
the basis of symptom clusters and insight characteristics.

The control group consisted of hospital staff who were
determined not to have a history of neuropsychiatric
disease or any additional chronic disease based on a
clinical interview conducted by a psychiatrist and who
had sociodemographic characteristics that match the
OCD patients included in the study. Accordingly, the first
30 healthy individuals from among the hospital staff that
met the inclusion criteria were included in the control
group. All participants were in the age group of 18 and
60 years old.

Those who were below 18 or above 60 years old, who
have been receiving antioxidant therapy or vitamin
supplementation, smoking, were pregnant or in the

puerperal period, obese [body mass index (BMI) > 30],
had a history of psychiatric disease, alcohol-substance
use disorders, neurological diseases, metabolic and
endocrinological diseases, fever or infectious diseases, or
other comorbid physical diseases, at the time of the study
were not included in the study. While choosing the control
group, psychiatric disorders and other chronic diseases
were excluded by a clinical interview by a psychiatrist, and
completely healthy individuals were included in the study.

Blood samples of the participants in both the patient
and control groups were taken for biochemical analyses.
Accordingly, 5 mL blood samples were taken from each
participant through the brachial veins, placed in sterile
tubes with dry gel, and centrifuged at 3000 x g for
10 minutes. Serum samples were stored at -80°C during the
period of study untilused for tests. Malondialdehyde, NOX-2,
and NOX-4 levels were measured using the prepurchased
enzyme-linked immunoassay kits (Rel Assay Diagnostics,
Gaziantep, Turkey) in accordance with the guidelines set
by the manufacturer.

Statistical Analysis

We used the G-power 3.1.9.2 program to calculate the
pre-study sample size. Jacob Cohen made suggestions as
small, medium, and large for effect size in power analysis.
The effect size for the sample size required for the
2 independent groups in the prior study power analysis is
small 0.20, medium 0.50, and large 0.80. In our study, we
took the effect size as 0.80 when calculating the sample
size. The minimum power in the study was 0.80, in our study
it was 0.85. The alpha value was 0.05. In this case, the
minimum sample size for each group was determined as 30.

The research data were analyzed using the SPSS 20
(Statistical Package for Social Sciences for Windows,
Version 20.0, IBM Corp., Armonk, NY, USA, 2011) software
package. Shapiro-Wilks test was used to check whether
the measured data conformed to the normal distribution.
Independent samples t-test and Pearson’s chi squared
test were used to compare the data groups. Descriptive
statistics pertaining to the data were presented in terms
of numbers (n) and percentage values (%) and mean =+
standard deviation (SD) in case of variables that conform
to normal distribution. Pearson’s correlation coefficient
was used to analyze any correlations. The OCD group was
divided into 5 groups according to the Y-BOCS scoring,
and the comparison of the parameters was made with the
Kruskal-Wallis test. Evaluation of the difference between
the 2 groups was done with the Bonferroni test. Probability
(P) values of <.05 were deemed to indicate statistical
significance.

RESULTS

The conformity of the parameters to the normal
distribution was examined using the Shapiro-Wilks test. As
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Table 1. Sociodemographic Characteristics of the Study Participants

Control Group n=30

Patient Group n=30

Gender (n, %) Female 15 (50%) 10 (33.3%) 1.341 1190
Male 15 (50%) 20 (66.7%)
t value
Age (mean + SD) 29.53 + 6.06 31.94 + 5.57 1.604 125
BMI (mean + SD) 23.7 +2.34 24.13 + 2.16 0.74 511
BMI, body mass index; SD, standard deviation.
Table 2. Comparison of MDA, NOX-4, and NOX-2 Levels Between the Groups
Patient Group Control Group t Value P 93 % Cl
Lower Upper
MDA (uM) 6.34 + 1.63 3.25+1.54 7.053 <.001 2.21 3.97
NOX-4 (ng/mL) 12.4 + 3.06 7.12 +1.89 7.393 <.001 3.85 6.73
NOX-2 (ng/mL) 54.9 + 10.62 25.7 + 5.71 11.909 <.001 24.3 34.1

MDA, malondialdehyde; NOX-2, nicotinamide adenine dinucleotide phosphate (NADPH) oxidase 2; NOX-4, NADPH oxidase 4.

a result of the Shapiro-Wilk normality test, the P value for
MDA was determined as .386, .427 for NOX4, and .991 for
NOX2, indicating that these three parameters are normally
distributed.

There was no statistically significant difference between
the patient and control groups in sociodemographic
characteristics. In other words, the groups were of
matching characteristics in terms of gender, age, and BMI.
Sociodemographic characteristics of the groups are shown
in Table 1.

Nicotinamide adenine dinucleotide phosphate oxidase-2,
NOX-4, and MDA levels of the OCD patients were significantly
higher than those of the healthy control subjects (P < .001)
(Table 2).

The analysis of the relationships between the levels of NOX
enzymes and MDA using Pearson’s correlation coefficient
revealed a statistically significant correlation in the
positive direction between the NOX-2 and NOX-4 levels and
the MDA levels. These relations are shown in Table 3.

A scatter plot representation of the correlation between
NOX-2 and NOX-4 levels for all participants is shown in
Figure 1.

Table 3. Relations Between MDA, NOX-4, and NOX-2 Levels

n=60 MDA \[0) € NOX-2
MDA r 1 0.365* 0.563*
P .007 .001
NOX-4 r 0.365* 1 .692¢
P .007 .001
NOX-2 r 0.563* 0.692* 1
P .001 .001

r, Pearson’s correlation coefficient; n, number of subjects; MDA,
malondialdehyde; NOX-2, nicotinamide adenine dinucleotide
phosphate (NADPH) oxidase 2; NOX-4, NADPH oxidase 4.

*Correlation is significant at the P=.01 level (two-tailed).

DISCUSSION

As a result of the study, NOX2 and NOX4 levels, which are
members of the NOX enzyme family, which is the source
of endogenous oxidative stress, were found to be higher in
OCD patients than in the control group. At the same time,
MDA level, which indicates oxidative stress, was found
to be higher in OCD patients than in the control group.
Malondialdehyde level was positively correlated with both
NOX2 and NOX4. These findings support that oxidative
stress may contribute to the etiopathogenesis of OCD.

To the best of our knowledge, this is the first study to
date, in which the levels of NOX-2 and NOX-4 enzymes,
which are endogenous sources of oxidative stress, and the
correlation of these levels with the levels of MDA, which
is an indicator of lipid peroxidation, were comparatively
investigated in OCD patients and healthy control subjects
with matching demographic characteristics. The findings
of this study provide further evidence for the relationship
between oxidative stress, oxidative damage, and OCD
and suggest that NOX-related oxidants may have a role in
the oxidative damage in OCD. The findings of this study
are consistent with the findings of other studies, which
suggest a relationship between oxidative stress and other
psychiatric diseases. Taken together with the findings
of other relevant studies available in the literature, the
results of this study support the hypothesis that there is
a relation between endogenous oxidative stress and OCD
and offer new horizons for the development of novel
treatment options. Preliminary evidence has suggested
that antidepressant treatment results in increased
antioxidant capacity and a decrease in circulating free
radicals, enhances neuroplasticity mechanisms and adult
neurogenesis in brain.?*?* Studies have also supported
that adjunctive antioxidant drugs like N-acetylcysteine,
an antioxidant precursor to glutathione, may reduce
symptoms of OCD.?
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Figure 1. Scatter plot representation of the correlation between NOX-2 and NOX-4 levels (n=60). NOX, nicotinamide adenine

dinucleotide phosphate oxidase.

Although the results of this cross-sectional study
revealed the relationship between OCD and increased
markers of oxidative stress, the role of oxidative stress
in etiopathogenesis or causality of OCD remains unclear.
Thus, further studies are needed to elucidate the causality
of the relationship between OCD and oxidative stress.

Oxidative stress levels and inflammatory pathways are
closely related. Pro-inflammatory cytokines are released
in response to oxidative stress, but they also complicate
the inflammatory cycle.? It has been emphasized that
inflammatory disorders in OCD patients may originate
from the cortico-adreno-medullary circuit and that there
may be an increase in oxidative stress markers due to
the overworking of this circuit.?” Additionally, it has been
suggested that the oxidative balance would be impaired
in favor of oxidants in the event of excessive activation
of the hypothalomo-pituitary-adrenal axis and sympatho-
adrenal-medullary systems.?®%

The role of NOX enzymes and NADPH in increasing
oxidative stress is noteworthy. Bacterial products and
inflammatory cytokines are known to induce NOX enzymes
and cause cell death (including bacteria) via reactive
oxygen radicals (ROS). It has been demonstrated that the
increase in NOX-2 induced by bacterial products, as shown

in children with PANDAS, and the increase in interleukin
(IL)-6-related NOX in ketamine-related psychosis, as shown
in mouse experiments, may contribute to the pathogenesis
by causing oxidative stress.'3?

When it comes to OCD, it is known that OCD patients have
a high rate of comorbid autoimmune diseases. Additionally,
it is also known that serum levels of pro-inflammatory
cytokines and IL-6 are increased in OCD patients and that
certain types of antineuronal antibodies are associated
with OCD symptoms.? All these suggest the increase in
NOX activity and oxidative stress, which may be triggered
by autoimmune inflammation, as a possible mechanism for
the etiopathogenesis of OCD.

It has been speculated that OCD is mainly caused by
an imbalance in the cortico-striato-thalamo-cortical
circuit, between direct and indirect pathways, leading
to hyperactivation in the orbitofrontal cortex and
thalamus, and recent studies have shown that functional
changes in certain brain regions may also contribute to
the development of OCD.3' Further studies are needed
to determine whether NOX-2, NADPH, and ROS, which
reportedly have roles in neuronal signaling, and perhaps
NOX-4, are associated with changes in serotonin and
dopamine signaling in OCD.
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Another possible mechanism suggested for the increase
in NOX-2, NOX-4, and oxidative stress in OCD is based
on the effect of medication and lifestyle. As a matter of
fact, increased levels of oxidative stress were reported in
treatment-naive patients in the literature. Moreover, the
high rates of comorbid systemic diseases, for example,
metabolic syndrome and autoimmune diseases, other
psychiatric diseases, and substance use disorders, in OCD
patients suggest that lifestyle and physical characteristics
may also play a role in increasing the oxidative stress.*3°
It is also possible that OCD and comorbidities have
common predisposition factors and share a common
etiopathogenesis and that increased oxidative stress may
contribute to this common etiopathogenesis.

In summary, the increased levels of oxidative stress markers
and NOX enzymes stand out as valuable biomarkers for the
diagnosis, prognosis, and follow-up of OCD, regardless of
the mechanism. Furthermore, the use of these biomarkers
may help develop new treatment options such as
antioxidant therapies.

Apart from its strengths mentioned throughout the text,
there were also some limitations to this study. The cross-
sectional nature of the study and its relatively small
sample size prevent generalization of the results to all
OCD patients. The evaluation of the patient group and the
control group was made with an unstructured psychiatric
interview, and the fact that a structured interview tool
was not used is a limitation of the study. The fact that the
participants in the patient group were taking medication
was another limitation to this study due to the possible
antioxidant effects of antidepressant drugs. It was not
possible to overcome this limitation simply by categorizing
the patients based on the types of medication they have
been using since the medications used were very diverse
and the sample size was not large enough. Another
limitation to this study was that the relations between
MDA levels, levels of NOX enzymes, symptom clusters, and
insight characteristics could not be examined because the
sample size was not large enough. In this study, it could
not be examined whether MDA, NOX-2, and NOX-4 levels
changed according to the severity of obsessive-compulsive
symptoms because of the small sample size. Testing the
relations between oxidative damage marker levels and
OCD disease severity in studies with larger sample sizes
will make an important contribution to illuminating this
area. Lastly, other factors that might have affected the
oxidative stress levels such as dietary patterns, status of
doing exercise, sleep patterns, working conditions, familial
histories, and menstrual status, where appropriate, could
not be excluded.

The findings of this study should be reproduced and
validated with studies to be conducted with larger
samples and more homogeneous groups in terms of
clinical characteristics and insight levels of OCD patients.
Follow-up studies on the treatment-naive patients that

will also include more comprehensive evaluations of the
lifestyles, menstrual statuses, familial histories, and so on,
of these patients, may offer clues in terms of elucidating
cause-effect relationships.

In conclusion, the findings of this study revealed that
the levels of NOX-2 and NOX-4 enzymes, the endogenous
oxidative stress sources, were higher in OCD patients than
in healthy control subjects, and were positively correlated
with the levels of MDA, an oxidative stress marker. These
markers may provide a better understanding of the OCD
and may be valuable as clinically relevant biomarkers. The
results of this study may serve as a guide for future studies
on the relationship between oxidative stress and OCD.
Accordingly, it is recommended that future studies on
the relationship between oxidative stress and OCD should
further categorize the OCD patients based on whether
they receive medication or not and compare these groups
both with each other and with the control group. In
addition, further studies should also include pretreatment
and posttreatment follow-up studies. In this way, levels
of oxidative markers and NOX enzymes can be measured
at different stages during the course of the disease, that
is, acute, chronic, exacerbation, and remission phases.
Findings of prospective studies using antioxidant drugs,
like N-acetylcysteine, for augmentation of antidepressant
drugs, will also contribute to the clinical practice.
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