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Background. Oxidative stress is involved in pathogenesis of some psychiatric disorders. To examine the role of oxidative stress in
the etiopathogenesis of obsessive-compulsive disorder (OCD), we aimed to determine oxidative stress indices, including
malondialdehyde (MDA) levels in serum and red blood cells (RBC) membrane, total antioxidant capacity (TAC), serum
glutathione (GSH) levels, serum antioxidant vitamins (A and E), and Na+/K+-ATPase activity, in patients with the mentioned
disorder vs. healthy controls. Method. 39 OCD patients diagnosed based on Diagnostic and Statistical Manual of Mental
Disorders (DSM-V) and 39 volunteer healthy subjects were included in this study. MDA levels in serum and RBC membrane
were measured using fluorometric method. Serum TAC level, serum GSH level, and Na+/K+-ATPase activity were also
measured using spectrophotometric methods. Serum levels of vitamins were calculated by reversed-phase high-performance
liquid chromatography (RP-HPLC). Result. There was a significantly higher MDA level in serum (p < 0 0001) and RBC
membrane (p = 0 002) of OCD patients compared with those in controls. A significant reduction in vitamin A (p = 0 001) and
vitamin E (p = 0 024) levels was found in OCD patients vs. controls. There was significantly lower activity of erythrocyte
membrane Na+/K+-ATPase in RBC membrane of OCD patients vs. controls (p < 0 0001). Conclusion. Our findings indicate
significantly higher levels MDA in both serum and RBC membrane, lower levels of serum vitamins A and E, and lower activity
of membrane Na+/K+-ATPase in OCD patients compared to controls. These suggest an imbalance between oxidant and
antioxidant factors in OCD patients that might play a fundamental role in the etiopathogenesis of OCD.

1. Introduction

Obsessive-compulsive disorder (OCD) is a relatively com-
mon neuropsychiatric disorder identified by persistent
thoughts and/or ritualized repetitive behaviors that are done

in response to set rules or obsessions intending to reduce
distress [1, 2]. The worldwide prevalence of OCD is reported
to be 2–3%. It has also been considered to be among the top
10 most debilitating situations by the World Health Organi-
zation (WHO) [3–5]. OCD patients have many problems in
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neurotransmitter system [6, 7], immune system [8, 9], and
sleep [10] and lower IQ [11] and higher suicide [12–15] than
people without OCD. OCD could be considered as a pheno-
typically heterogeneous disorder manifested by various
symptoms [16]. These symptom dimensions which overlap
sometimes are captured in the Yale-Brown Obsessive-
Compulsive Scale (Y-BOCS), a widely used clinical measure
providing a checklist of OCD symptoms that yields a sever-
ity score for obsessive, compulsive, and total symptoms [17,
18]. The etiology of OCD remains elusive. Oxidative stress,
which resulted from an imbalance between the enhanced
reactive oxygen species (ROS) level and decreased antioxi-
dant protection, exerts a fundamental role in the pathophys-
iology of OCD [19]. Recently, ROS are thought to be
involved in the pathogenesis of several diseases, including
neuropsychiatric disorders [20]. Increased ROS levels
manifested during oxidative stress can lead to neuronal
damage due to peroxidation of nucleic acids, lipids, and
proteins that can result in the disruption of the membrane
integrity and changes in the natural neuronal apoptosis
[21]. For instance, enhanced lipid peroxidation could alter
several features of the cell membrane such as fluidity as
well as the function of some membrane enzymes (e.g.,
Na+/K+-ATPase activity) [22].

The Na+/K+-ATPase pump is an enzyme that exists in
cellular plasma membrane which is sensitive to alterations
in membrane fluidity and is responsible for management
of nutrient uptake, cell volume, and hydration [23]. A previ-
ous study showed that Na+/K+-ATPase is involved in bipolar
disorder [24].

Currently, there is scant data regarding Na+/K+-ATPase
activity and lipid peroxidation of red blood cell (RBC) mem-
brane in the case with OCD. Thus, we aimed to determine
the levels of oxidative stress indices, including malondialde-
hyde (MDA) levels in serum and RBC membrane, total anti-
oxidant capacity (TAC), serum glutathione (GSH) levels,
serum antioxidant vitamins (A and E), and Na+/K+-ATPase
activity, in cases with and without OCD.

2. Material and Method

2.1. Subjects. In this study, participants were 39 patients with
OCD (women 28, men 11) who were recruited from psy-
chology service clinic (Kashan, Iran) and 39 control subjects
without OCD (women 33, men 6). The OCD status was
diagnosed based on DSM-V criteria (according to Structured
Clinical Interview for DSM-5 Disorders (SCIDs)) by an
experienced clinical psychologist. Also, all participants were
interviewed for other psychiatric disorders. The presence
and severity of obsessive and compulsive types were investi-
gated through the structured interview using the Yale-Brown
Obsessive-Compulsive Scale (Y-BOCS) checklist and sever-
ity scale. All participants were aged between 18 and 60 years
and were receiving routine treatment of OCD. Subjects were
also excluded for any of the following: having symptoms for
less than six months, having any other mental or physical ill-
ness, blood transfusion or surgical procedures in the preced-
ing 3 months, use of antidepressants, alcohol consumption,
smoking, and prior treatment with antioxidant compounds.

Pregnant women or women who were menstruating were
also excluded from the study. All participants were matched
regarding gender, age, and nutritional status by N4 software.
The current project was approved by the Ethical Committee
of Kashan University of Medical Sciences (IR.KAUMS.-
MEDNT.REC.1399.057), and participants were enrolled
after getting signed informed consent. All methods were per-
formed in accordance with the relevant guidelines and
regulations.

2.2. Product Number. The materials used in this research are
as follows: 1,3,3-tetraethoxypropane (Sigma, CAS number
122-31-6), 2-thiobarbituric acid (Merck, CAS number 504-
17-6), 5,5′-dithiobis(2-nitrobenzoic acid) (Sigma, CAS num-
ber 69-78-3), acetic acid (Merck, CAS number 64-19-7), ace-
tonitrile (Merck, CAS number 75-05-8), EGTA (Sigma, CAS
number 67-42-5), FeCl3 (Sigma, CAS number 7705-08-0),
FeSO4 (Sigma, CAS number 7720-78-7), KCl (Merck, CAS
number 7447-40-7), methanol (Merck, CAS number 67-
56-1), MgCl2 (Merck, CAS number 7786-30-3), Na2EDTA
(Merck, CAS number 6381-92-6), NaCl (Sigma, CAS num-
ber 7647-14-5), ouabain (Merck, CAS number 11018-89-
6), sodium citrate (Merck, CAS number 6132-04-3), sodium
dodecyl sulfate (Merck, CAS number 151-21-3), tetrahydro-
furan (Merck, CAS number 109-99-9), TPTZ (Sigma, CAS
number 3682-35-7), trichloroacetic acid (Merck, CAS num-
ber 76-03-9), and Tris hydrochloride (Sigma, CAS number
1185-53-1).

2.3. Collection and Preparation of Blood Samples. From each
participant, about 10mL of whole blood (volume 10mL) was
drawn from the basilic vein after a 12–14 h fasting. About
6mL of taken blood was collected in heparinized tubes
(10 units per milliliter of blood) in order to be used for prep-
aration of packed erythrocyte. The rest of the taken blood
was collected in tubes including colt activator in order to iso-
late serum. For serum preparation, about 4mL of collected
blood was centrifuged (3,000 RPM; 5min; 4°C) and the
derived serum was removed and stored at –70°C into two
0.5mL aliquots for future biochemical analyses. Indeed, hep-
arinized blood was centrifuged (1,500 g; 10min) to isolate
plasma and prepare packed erythrocyte. The plasma, buffy
coat, and red blood cells were removed. The remained eryth-
rocytes were resuspended and washed twice in Tris-buffered
saline, that is, 20mM Tris-HCl, pH 7.5 containing 145mM
NaCl. After centrifugation at 2,000 g for 15min, the washed
packed erythrocytes were utilized for membrane isola-
tion [25].

2.4. Biochemical Analysis. Total cholesterol, triglyceride, and
low-density lipoprotein- (LDL-) and high-density lipopro-
tein- (HDL-) cholesterol levels were measured by standard
methods using commercial kits (Parsazmun Co., Tehran,
Iran) and an automated analyzer (BS800, China).

2.5. Ferric Reducing Antioxidant Power (FRAP) Assay.
Serum FRAP was measured using Benzie and Strain’s
method [26, 27]. The working FRAP reagent was made by
mixing acetate buffer (300mM, pH 3.6), 10mM TPTZ
(2,4,6-tri (2-pyridyl)-1,3,5-triazine) solution in 40mM HCl,
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and FeCl3·6H2O solution (20mM) in proportions of 10 : 1 : 1
(v/v). Samples (25μL) were mixed with 750μL of fresh
FRAP reagent. Absorbance was measured after 5min at
593nm using FRAP working solution as a blank. A calibra-
tion curve was made by an aqueous solution of ferrous sul-
fate (FeSO4·7H2O).

2.6. Determination of GSH Levels. Serum GSH levels were
measured using Beutler and Gelbart spectrophotometrical
method [28, 29]. The assay mixture contained 100μL of
sample, 0.5mL of 5-5′-dithiobis-2-nitrobenzoic acid (40mg
in 100mL dH2O containing 1% sodium citrate), and
0.5mL of 0.3M phosphate buffer (pH 8.0). The absorbance
was measured after 5min at 412nm.

2.7. Isolation of Erythrocyte Ghost Membrane. Hypotonic
lysis of packed cells was used to prepare erythrocyte ghost
membrane. Around 2.5mL of washed packed erythrocytes
was diluted by 10 volumes of ice cold 5mM Tris and
Na2EDTA (0.1mM; pH 7.6). This solution was mildly
revolved and then was kept for 15min at 4°C. In the next
step, the hemolysated mixture was centrifuged (20,000 g;
20min; 4°C) and the supernatant eliminated. The residual
matter was washed 3 times with NaCl (17mM) and Tris-
HCl (5mM; pH7.6) and then 3 times with Tris-HCl
(10mM; pH = 7 5) and so was centrifuged at 20,000 g. In
the next step, the pellet was resuspended in Tris-HCl
(10mM; pH = 7 5) [30]. Multiple aliquots (0.2mL) of this
hemoglobin-free membrane suspension were closely frozen
in liquid nitrogen and kept at –70°C until evaluation of
membrane protein and lipid peroxidation. Protein concen-
tration of erythrocyte membrane was estimated using mod-
ified Lowry method described by Markwell et al. [31].

2.8. Measurement of Erythrocyte Membrane and Plasma
Lipid Peroxidation. Lipid peroxidation levels were fluorome-
trically calculated as thiobarbituric acid-reactive substances
(TBARS) in erythrocyte membrane and plasma according
to Ohkawa et al. [32]. About 0.2mL of erythrocyte mem-
brane or plasma suspension was mixed with1.5mL of 0.8%
(w/v) 2-thiobarbituric acid, 1.5mL of 20% (v/v) acetic acid
solution (pH3.5), 0.2mL of 8.1% (w/v) sodium dodecyl sul-
fate, and 0.6mL of deionized water. Then, vortex tubes were
heated for 60min in a boiling water bath. Following cooling,
5.0mL of n-butanol : pyridine (15 : 1, v/v) and 1mL of dis-
tilled water were added. Tubes were then shaken for
10min and centrifuged for 10min at 4,000 rpm. The organic
upper layer was separated, and fluorescence was measured at
515nm excitation and 553 nm emission (PerkinElmer LS-55
fluorescence spectrometer, Germany). For calibration, 1,3,3-
tetraethoxypropane was used. Data derived from plasma and
erythrocyte membrane TBARS levels are expressed as nano-
mole per milliliter of plasma and nanomole per milligram
membrane protein, respectively.

2.9. Na+/K+-ATPase Assay. The total ATPase activity of
erythrocyte was determined in its membrane. For this pur-
pose, fifty microliters of erythrocyte membrane suspension
was incubated for 90min at 37°C in 25mM KCl, 5mM
ATP, 75mM NaCl, 0.1mM EGTA, 5mM MgCl2, and

25mM Tris-HCl (pH 7.5) in a total volume of 500μL. Tri-
chloroacetic acid was added to stop the reaction to a final
concentration of 5% (w/v). An aliquot of the supernatant
derived from centrifugation for 20min at 1,500 g was used
to estimate total liberated inorganic phosphorus from
Fiske and Subbarow reaction [33]. This assay was repeated
in the presence of an inhibitor of Na+/K+-ATPase activity
(1mM Ouabain). Total ATPase activity was reported as
nmol of liberated inorganic phosphorus per milligram of
membrane protein/hour. By subtracting the ATPase activ-
ity in the presence of ouabain from the total in the
absence of ouabain, the activity of Na+/K+-ATPase was
measured, too [30].

2.10. Measurement of Vitamins. An isocratic high-
performance liquid chromatography (HPLC) method was
used to determine serum level of vitamin A (retinol) and E
(α-tocopherol) simultaneously using UV detection [34, 35].
Retinol acetate and tocopherol acetate were used as internal
standards for retinol and α-tocopherol, respectively. The
constituents of HPLC system consists are a LKB 2155 col-
umn oven, a LKB 2248 pump, and a 2140 rapid spectral
detector (all of them are purchased from LKB, Pharmacia,
Uppsala, Sweden). The isocratic mobile phase, methano-
l : acetonitrile : tetrahydrofuran (75 : 20 : 5), was pumped
using a 5μm reverse phase column (Eurospher II 100-5
C18, 250 × 4 6mm) (Knauer, Berlin, Germany) at a flow
rate of 1.5mL/min. α-tocopherol and retinol are moni-
tored at 285nm and 325nm, respectively.

2.11. Data Analysis. Statistical analyses were performed using
the SPSS version 26 software package (SPSS Inc., Chicago,
IL, USA). Continuous variables are expressed as mean ± SD
or as medians and interquartile ranges (IQR) in the case of
skewed distributions. Categorical data are expressed as per-
centage. The Kolmogorov-Smirnov test was used to evaluate
data regarding normal distribution. The intergroup differ-
ences regarding continuous variables were investigated using
Mann–Whitney U test and independent t test. Chi-square
test was used to compare categorical variables. The Pearson
correlation test was used to evaluate correlations between
variables. Significant difference was defined as p value less
than 0.05.

3. Result

3.1. Subjects. Totally, 78 cases were enrolled in this study.
Demographic and clinical characteristics of the participants
are presented in Table 1. There were no significant differ-
ences regarding age, gender, and body mass index (BMI)
between patients with OCD and age-matched healthy con-
trols. A total of 39 patients (28 females, 11 males), with a
mean age of 32 76 ± 12 32 years, were enrolled in this sur-
vey. The control group consisted of 33 women and 6 men
(from 18 to 60 years and mean age of 27 25 ± 8 77 years).
Four patients (10.3%) with rare OCD, 8 (20.5%) with mild
OCD, 14 (35.9%) with moderate, and 13 (33.3%) with severe
OCD types were diagnosed by Y-BOCS (Table 1).
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3.2. MDA, Antioxidant, and Vitamin Levels. Our data
showed a significant reduction in the levels of vitamin E
(cases 49 27 ± 15 3, controls 57 23 ± 15 47, p = 0 024) and
vitamin A (cases 4 82 ± 1 27, controls 6 15 ± 1 89, p = 0 001)
in OCD patients compared with the control group. In addi-
tion, our findings showed a significant higher levels of MDA
(serum: cases 4 68 ± 0 81, controls 3 96 ± 0 91, p < 0 0001
/RBC membrane: cases 0 495 ± 0 079, controls 0 437 ±
0 057, p = 0 002) and had an insignificantly higher level of
TAC (cases 910 42 ± 163 20, controls 865 14 ± 124 69,
p = 0 190) and GSH (cases 36 82 ± 5 12, controls 35 70
± 4 50, p = 0 306) compared to the controls.

3.3. ATPase Activity. The activity of erythrocyte membrane
Na+/K+-ATPase was significantly diminished in OCD cases
vs. control group (cases 373 57 ± 74 83, controls 441 32 ±
120 74, p < 0 0001), as summarized in Table 2.

3.4. Association between Parameters Related with Oxidative
Stress. Based on our data, we observed a significant negative
relationship between RBC membrane MDA levels and vita-
min E (r = –0 351, p = 0 002; Figure 1).

4. Discussion

We have investigated the association between clinical vari-
ables, levels of oxidative stress markers, and Na+/K+-ATPase
activity in OCD patients. The main finding of this study
revealed significant differences in the levels of oxidative
stress markers between the two groups. Also, patients with
OCD had lower ATPase activity compared to healthy con-
trols. Some case control studies [36–43] and a meta-
analysis [44] concentrated on the relationship between
OCD and MDA. In contrast with our study, Ranjekar et al.
[45] observed no significant differences in serum levels of
lipid peroxidation markers between patients with schizo-
phrenic and healthy control, and R. Kurup and P. Kurup
[46] found that OCD patients had lower MDA level than
controls. Also, Ersan et al. [37] and Shohag et al. [38]
observed a significant decreased level of vitamin E in serum
of OCD patients, but Shohag et al. did not observe any sig-
nificant difference regarding serum vitamin A levels between
OCD and healthy controls. A meta-analysis found an inverse
association between vitamin E blood levels and OCD [47]. In
the present study, serum GSH and TAC levels were not sig-
nificantly different between the two groups. In line with our
results, Behl et al. [36] found no significant difference in
GSH levels between the OCD patients vs. controls. In con-
trast, Orhan et al. [40] showed a significantly lower GSH
levels in OCD group compared to healthy individuals.
OCD patients have been suggested to be exposed more often
to premorbid environmental stressors, such as psychological
stressors, perinatal events, and other traumatic events. These
factors are thought to induce inflammation [48] and oxida-
tive stress with potential induction of neurochemical modifi-
cations through various neurotransmitter pathways such as
glutamate [49, 50].

Recently, it has been speculated that initially oxidative
stress could be adaptive via enhanced neurotransmission,
but it would exaggerate neurophysiological responses in long
term with subsequent disruption of physiological neuro-
transmission and enhanced permeability of blood-brain bar-
rier. These events would finally promote inflammatory
neuronal damage and subsequent neuronal death [50, 51].
Thus, oxidative stress might function as a mediator between
and disruption of cortico-striato-thalamo-cortical circuit
and adverse life events in OCD. Mutually, oxidative stress
might be a consequence of environmental exposures due to
the OCD over behavior. Indeed, higher prevalence of anxiety
disorders, metabolic syndrome, substance use disorders,
mood disorders, and impulse control disorders has been
observed in OCD patients [52, 53]. Besides, all of the above
mentioned factors have a strong impact on lifestyle and are
associated with induction and development of oxidative
damage [54–56]. There are also some line of evidence sup-
porting the reduced oxidant markers and enhanced antioxi-
dant markers using antidepressants in the setting of OCD
and major depression disorder [57, 58].

To the best of our knowledge, only one case-controlled
study has investigated Na+/K+-ATPase activity in OCD
subject [46]. In contrast with this study, we found that
Na+/K+-ATPase activity was significantly lower in OCD

Table 1: Demographic characteristics and clinical features of the
participants.

Variable Patients Controls p value

Number

Overall 39 39 0.13

Men 11 (28.2%) 6 (15.4%)

Women 28 (71.8%) 33 (84.6%)

Age (years) 32 76 ± 12 32 27 25 ± 8 77 0.07

BMI (kg/m2) 25 8 ± 4 65 24 09 ± 4 74 0.11

Illness intuition 10 58 ± 10 35
Duration of disease 7 27 ± 9 42
Obsession 10 05 ± 4 43
Compulsion 10 20 ± 3 95
Y-BOCS

Overall 20 25 ± 7 54
Rare 4 (10.3%)

Mild 8 (20.5%)

Moderate 14 (35.9%)

Severe 13 (33.3%)

Status

Single 19 (48.7%) 26 (66.7%) 0.14

Married 18 (46.2%) 13 (33.6%)

Divorced 2 (5.1%) 0

Race

Pars 37 (94.9%) 36 (92.3%) 0.50

Other 2 (5.1%) 3 (7.7%)

BMI: body mass index; Y-BOCS: Yale-Brown Obsessive-Compulsive Scale.
Data are presented as percentages and mean ± SD. p value < 0.05 was
considered as statistically significant.
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patients than in controls. In line with our results, Banerjee
et al. [59] found a significantly diminished activity of Na+/
K+-ATPase in erythrocytes from patients with bipolar dis-
order. Kirshenbaum et al. [60] found that a mutation
resulting in lower neuronal Na+/K+-ATPase activity would
interact with stress exacerbating depression in mice. Fur-
thermore, they observed a significant correlation between
mood and Na+/K+-ATPase activity that could be related
to both bipolar disorder and unipolar depression. Na+/
K+-ATPase also function as a signal transducer besides
its principal transport function. The involvement of Na+/
K+-ATPase-mediated signaling has been reported in vari-
ous physiological processes such as inflammation, cell
growth, differentiation, kidney function, muscle contractility,
and behavior. OCD can also be considered as a prototypical
compulsivity disorder and kind of “behavioral addiction”
[61, 62]. Numerous investigations have shown elicited
behavioral alterations due to mutations in Na+/K+-ATPase

isoform [24, 63–69]. Overall, data support the role of Na+/
K+-ATPase activity in determining behavior.

This current study had several limitations. Firstly, oxida-
tive markers could be influenced by various factors, such as
age, smoking, or body mass index [70, 71]. We adjusted
for several important confounding factors in our analysis,
such as smoking and body mass index. Secondly, because
the sampling of patients in the present study coincided with
the outbreak of coronavirus, this may have an effect on our
study, although all subjects had OCD before the onset of
the pandemic. Thirdly, the patient group was interviewed
by two independent psychiatrists, but the control group
was just interviewed by a clinical psychologist, because they
may have another psychiatric disorder (spatially personal
disorder). Studies have shown that common tools for inves-
tigation of mental health are not accurate [72]. These cases
seem to lead to the use of more reliable methods such as
molecular methods to improve diagnosis (perhaps, it can

Table 2: Level of oxidative stress markers and ATPase activity in the study population.

Marker Patients Controls p value

Na+/K+-ATPase activity (nmol phosphorous liberated/mg protein/h) 373 57 ± 74 83 441 32 ± 120 74 <0.0001∗

MDA serum (nmol/L) 4 68 ± 0 81 3 96 ± 0 91 <0.0001∗

MDA RBC Membrane (nmol/mg of protein) 0 495 ± 0 079 0 437 ± 0 057 0.002∗

TAC (μmol/L) 910 42 ± 163 20 865 14 ± 124 69 0.190

GSH (μmol/L) 36 82 ± 5 12 35 70 ± 4 50 0.306

Vitamin A (μmol/L) 4 82 ± 1 27 6 15 ± 1 89 0.001∗

Vitamin E (μmol/L) 49 27 ± 15 3 57 23 ± 15 47 0.024∗

HDL (mg/dL) 44 02 ± 8 85 44 66 ± 7 85 0.736

LDL (mg/dL) 81 ± 23 47 74 82 ± 24 73 0.261

Cholesterol (mg/dL) 146 87 ± 34 12 137 38 ± 33 07 0.216

Triacylglycerol (mg/dL) 121 89 ± 83 15 89 33 ± 40 97 0.018∗

MDA: malondialdehyde; GSH: glutathione; TAC: total antioxidant capacity; LDL: low-density lipoprotein; HDL: high-density lipoprotein. Data are presented
as mean ± SD. ∗p value < 0.05 was considered as statistically significant.

Controls: R2 = 0.0231;
r = −0.147; p = 0.373

OCD: R2 = 0.0/1538;
r = −0.388; p = 0.014

0

20

40

60

80

100

120

0 0/2 0/4 0/6 0/8

Controls
OCD

Linear (controls)
Linear (OCD)

V
ita

m
in

 E
 (𝜇

m
ol

/l)

MDA levels of RBC membrane (nmol/mg of protein)

Figure 1: Correlations between vitamin E and MDA RBC membrane participants. MDA: malondialdehyde; OCD: obsessive-compulsive
disorder; RBC: red blood cell.
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help diagnose disorders at an early age). Indeed, none of the
biomarkers have sufficient sensitivity and specificity as a
diagnostic biomarker. Prediction of clinical outcomes seems
to be a promising field of research pursuing appropriate bio-
markers for OCD [73].

In conclusion, our findings indicate significantly higher
levels of MDA in both serum and RBC membrane, lower
levels of serum vitamins A and E, and lower activity of mem-
brane Na+/K+-ATPase in OCD patients compared to con-
trols. These findings suggest an imbalance between oxidant
and antioxidant factors in OCD patients that might play a
fundamental role in etiopathogenesis of OCD.

Data Availability

Data and material will be provided upon request.

Ethical Approval

The current study was approved by the Research Ethics Com-
mittee of Kashan, Iran (IR.KAUMS.MEDNT.REC.1399.057).

Consent

Consent for publication was received from the participants.

Disclosure

We have previously published this study as a preprint [74].

Conflicts of Interest

The authors had no conflicts of interest.

Authors’ Contributions

AHM, EB, VA, and GN designed the study. AHM, JH, EB,
and FB collected the data. AHM and GN analyzed the data,
and AHM, VA, MK, and MP wrote the manuscript. All
authors read and approved the final manuscript.

Acknowledgments

We thank everyone who consulted in the article. The
research grant was provided by the Research Deputy of
Kashan University of Medical Sciences (KaUMS) (Grant
ID: 99074).

References

[1] A. P. Association, Diagnostic and Statistical Manual of Mental
Disorders (DSM-5®), American Psychiatric Pub, 2013.

[2] A. H. Mohammadi, M. Karimian, H. Mirzaei, and A.Milajerdi,
“Epigenetic modifications and obsessive–compulsive disorder:
what do we know?,” Brain Structure and Function, vol. 228,
no. 5, pp. 1295–1305, 2023.

[3] V. M. Sinopoli, C. L. Burton, S. Kronenberg, and P. D. Arnold,
“A review of the role of serotonin system genes in obsessive-
compulsive disorder,” Neuroscience & Biobehavioral Reviews,
vol. 80, pp. 372–381, 2017.

[4] A. H. Mohammadi, “Biomarkers are significant clinical fea-
tures in obsessive-compulsive disorder,” Biomedicine and
Chemical Sciences, vol. 2, no. 2, pp. 163–165, 2023.

[5] M. Beheshti, N. Rabiei, M. Taghizadieh et al., “Correlations
between single nucleotide polymorphisms in obsessive-
compulsive disorder with the clinical features or response to
therapy,” Journal of Psychiatric Research, vol. 157, pp. 223–
238, 2023.

[6] C. Kariuki-Nyuthe, B. Gomez-Mancilla, and D. J. Stein,
“Obsessive compulsive disorder and the glutamatergic sys-
tem,” Current Opinion in Psychiatry, vol. 27, no. 1, pp. 32–
37, 2014.

[7] D. D. Dougherty, B. P. Brennan, S. E. Stewart, S. Wilhelm, A. S.
Widge, and S. L. Rauch, “Neuroscientifically informed formu-
lation and treatment planning for patients with obsessive-
compulsive disorder: a review,” JAMA Psychiatry, vol. 75,
no. 10, pp. 1081–1087, 2018.

[8] N. L. Baganz and R. D. Blakely, “A dialogue between the
immune system and brain, spoken in the language of seroto-
nin,” ACS Chemical Neuroscience, vol. 4, no. 1, pp. 48–63,
2013.

[9] C. Westwell-Roper, K. A. Williams, J. Samuels et al.,
“Immune-related comorbidities in childhood-onset obsessive
compulsive disorder: lifetime prevalence in the obsessive com-
pulsive disorder collaborative genetics association study,”
Journal of Child and Adolescent Psychopharmacology, vol. 29,
no. 8, pp. 615–624, 2019.

[10] A. Díaz-Román, L. Perestelo-Pérez, and G. Buela-Casal, “Sleep
in obsessive–compulsive disorder: a systematic review and
meta-analysis,” Sleep Medicine, vol. 16, no. 9, pp. 1049–1055,
2015.

[11] A. Abramovitch, G. Anholt, S. Raveh-Gottfried, N. Hamo, and
J. S. Abramowitz, “Meta-analysis of intelligence quotient (IQ)
in obsessive-compulsive disorder,” Neuropsychology Review,
vol. 28, no. 1, pp. 111–120, 2018.

[12] A. R. Torres, A. T. de Abreu Ramos-Cerqueira, R. C. Torresan,
M. de Souza Domingues, A. C. R. Hercos, and A. B. C.
Guimaraes, “Prevalence and associated factors for suicidal
ideation and behaviors in obsessive-compulsive disorder,”
CNS spectrums, vol. 12, no. 10, pp. 771–778, 2007.

[13] N. Fawzy and H. Hashim, “Prevalence and risk factors of sui-
cide among patients with obsessive–compulsive disorder,”
Middle East Current Psychiatry, vol. 18, no. 1, pp. 18–22,
2011.

[14] P. Kamath, Y. Reddy, and T. Kandavel, “Suicidal behavior in
obsessive-compulsive disorder,” The Journal of Clinical Psychi-
atry, vol. 68, no. 11, pp. 1741–1750, 2007.

[15] V. Brakoulias, V. Starcevic, A. Belloch et al., “Comorbidity, age
of onset and suicidality in obsessive–compulsive disorder
(OCD): an international collaboration,” Comprehensive Psy-
chiatry, vol. 76, pp. 79–86, 2017.

[16] M. H. Bloch, A. Landeros-Weisenberger, M. C. Rosario,
C. Pittenger, and J. F. Leckman, “Meta-analysis of the symp-
tom structure of obsessive-compulsive disorder,” American
Journal of Psychiatry, vol. 165, no. 12, pp. 1532–1542, 2008.

[17] W. K. Goodman, L. H. Price, S. A. Rasmussen et al., “The
Yale-Brown Obsessive Compulsive Scale,” Archives of Gen-
eral Psychiatry, vol. 46, no. 11, pp. 1012–1016, 1989.

[18] W. K. Goodman, L. H. Price, S. A. Rasmussen et al., “The
Yale-Brown Obsessive Compulsive Scale,” Archives of Gen-
eral Psychiatry, vol. 46, no. 11, pp. 1006–1011, 1989.

6 BioMed Research International



[19] S. K. Kar and I. Choudhury, “An empirical review on oxidative
stress markers and their relevance in obsessive-compulsive
disorder,” International Journal of Nutrition, Pharmacology,
Neurological Diseases, vol. 6, no. 4, p. 139, 2016.

[20] E. D. Yilmaz, M. F. Üstündağ, A. G. Gençer, Y. Kivrak, Ö. Ünal,
and M. Bilici, “Levels of nitric oxide, asymmetric dimethyl argi-
nine, symmetric dimethyl arginine, and L-arginine in patients
with obsessive-compulsive disorder,” Turkish Journal of Medi-
cal Sciences, vol. 46, no. 3, pp. 775–782, 2016.

[21] W. Hassan, C. Eduardo Barroso Silva, I. U. Mohammadzai,
J. Batista Teixeira da Rocha, and J. Landeira-Fernandez,
“Association of oxidative stress to the genesis of anxiety:
implications for possible therapeutic interventions,” Current
Neuropharmacology, vol. 12, no. 2, pp. 120–139, 2014.

[22] G. Namazi, S. Jamshidi Rad, A. M. Attar et al., “Increased
membrane lipid peroxidation and decreased Na+/K+-ATPase
activity in erythrocytes of patients with stable coronary artery
disease,” Coronary Artery Disease, vol. 26, no. 3, pp. 239–244,
2015.

[23] G. Namazi, P. Asa, N. Sarrafzadegan, and M. Pourfarzam,
“Decreased Na+/K+-ATPase activity and altered susceptibility
to peroxidation and lipid composition in the erythrocytes of
metabolic syndrome patients with coronary artery disease,”
Annals of Nutrition & Metabolism, vol. 74, no. 2, pp. 140–
148, 2019.

[24] D. Lichtstein, A. Ilani, H. Rosen et al., “Na+, K+-ATPase sig-
naling and bipolar disorder,” International Journal of Molecu-
lar Sciences, vol. 19, no. 8, p. 2314, 2018.

[25] V. P. Chauhan, J. A. Tsiouris, A. Chauhan, A. M. Sheikh, W. T.
Brown, and M. Vaughan, “Increased oxidative stress and
decreased activities of Ca2+/Mg2+-ATPase and Na+/K
+-ATPase in the red blood cells of the hibernating black bear,”
Life Sciences, vol. 71, no. 2, pp. 153–161, 2002.

[26] I. F. Benzie and J. Strain, “[2] Ferric reducing/antioxidant
power assay: direct measure of total antioxidant activity of
biological fluids and modified version for simultaneous
measurement of total antioxidant power and ascorbic acid
concentration,” Methods in Enzymology, vol. 299, pp. 15–
27, 1999.

[27] I. F. Benzie and J. J. Strain, “The ferric reducing ability of
plasma (FRAP) as a measure of “antioxidant power”: the
FRAP assay,” Analytical Biochemistry, vol. 239, no. 1, pp. 70–
76, 1996.

[28] E. Beutler, “Improved method for the determination of blood
glutathione,” The Journal of Laboratory and Clinical Medicine,
vol. 61, pp. 882–888, 1963.

[29] K. M. Surapaneni and G. Venkataramana, “Status of Lipid Per-
oxidation, Glutathione, Ascorbic Acid, Vitamin E and Antiox-
idant Enzymes in Patients with Osteoarthritis,” Indian Journal
of Medical Sciences, vol. 61, no. 1, pp. 9–14, 2007.

[30] M. Deluise and J. S. Flier, “Functionally abnormal Na+-K+
pump in erythrocytes of a morbidly obese patient,” The
Journal of Clinical Investigation, vol. 69, no. 1, pp. 38–44,
1982.

[31] M. A. K. Markwell, S. M. Haas, L. Bieber, and N. Tolbert, “A
modification of the Lowry procedure to simplify protein deter-
mination in membrane and lipoprotein samples,” Analytical
Biochemistry, vol. 87, no. 1, pp. 206–210, 1978.

[32] H. Ohkawa, N. Ohishi, and K. Yagi, “Assay for lipid peroxides
in animal tissues by thiobarbituric acid reaction,” Analytical
Biochemistry, vol. 95, no. 2, pp. 351–358, 1979.

[33] C. H. Fiske and Y. Subbarow, “The colorimetric determination
of phosphorus,” The Journal of Biological Chemistry, vol. 66,
no. 2, pp. 375–400, 1925.

[34] D. Talwar, T. K. Ha, J. Cooney, C. Brownlee, and D. S. JO’R-
eilly, “A routine method for the simultaneous measurement
of retinol, α-tocopherol and five carotenoids in human plasma
by reverse phase HPLC,” Clinica Chimica Acta, vol. 270, no. 2,
pp. 85–100, 1998.

[35] C. A. Burtis and D. E. Bruns, Tietz Fundamentals of Clinical
Chemistry and Molecular Diagnostics-e-Book, Elsevier Health
Sciences, 2014.

[36] A. Behl, G. Swami, S. Sircar, M. Bhatia, and B. Banerjee, “Rela-
tionship of possible stress-related biochemical markers to oxi-
dative/antioxidative status in obsessive-compulsive disorder,”
Neuropsychobiology, vol. 61, no. 4, pp. 210–214, 2010.

[37] S. Ersan, S. Bakir, E. E. Ersan, and O. Dogan, “Examination of
free radical metabolism and antioxidant defence system ele-
ments in patients with obsessive–compulsive disorder,” Prog-
ress in Neuro-Psychopharmacology and Biological Psychiatry,
vol. 30, no. 6, pp. 1039–1042, 2006.

[38] M. H. Shohag, M. A. Ullah, M. A. Azad et al., “Serum antiox-
idant vitamins and malondialdehyde levels in patients with
obsessive-compulsive disorder,” German Journal of Psychiatry,
vol. \, no. 1, 2012.

[39] M. Kuloglu, M. Atmaca, E. Tezcan, Ö. Gecici, H. Tunckol, and
B. Ustundag, “Antioxidant enzyme activities and malondialde-
hyde levels in patients with obsessive-compulsive disorder,”
Neuropsychobiology, vol. 46, no. 1, pp. 27–32, 2002.

[40] N. Orhan, C. I. Kucukali, U. Cakir, N. Seker, and M. Aydin,
“Genetic variants in nuclear-encoded mitochondrial proteins
are associated with oxidative stress in obsessive compulsive
disorders,” Journal of Psychiatric Research, vol. 46, no. 2,
pp. 212–218, 2012.

[41] A. Shrivastava, S. K. Kar, E. Sharma, A. A. Mahdi, and P. K.
Dalal, “A study of oxidative stress biomarkers in obsessive
compulsive disorder,” Journal of Obsessive-Compulsive and
Related Disorders, vol. 15, pp. 52–56, 2017.

[42] E. Ozdemir, S. Cetinkaya, S. Ersan, S. Kucukosman, and E. E.
Ersan, “Serum selenium and plasma malondialdehyde levels
and antioxidant enzyme activities in patients with obsessive–
compulsive disorder,” Progress in Neuro-Psychopharmacology
and Biological Psychiatry, vol. 33, no. 1, pp. 62–65, 2009.

[43] M. A. Mohammed, N. N. Hilal, and A. H. A. Ani, “Serum
levels of oxidative stress biomarkers in patients obsessive com-
pulsive disorder in Tikrit City, Iraq,” Indian Journal of Public
Health Research & Development, vol. 10, no. 10, pp. 1152–
1156, 2019.

[44] A. H. Mohammadi, E. Balandeh, and A.Milajerdi, “Malondial-
dehyde concentrations in obsessive–compulsive disorder: a
systematic review and meta-analysis,” Annals of General Psy-
chiatry, vol. 20, no. 1, pp. 1–8, 2021.

[45] P. K. Ranjekar, A. Hinge, M. V. Hegde et al., “Decreased antiox-
idant enzymes and membrane essential polyunsaturated fatty
acids in schizophrenic and bipolar mood disorder patients,”
Psychiatry Research, vol. 121, no. 2, pp. 109–122, 2003.

[46] R. K. Kurup and P. A. Kurup, “Hypothalamic digoxin defi-
ciency in obsessive compulsive disorder and la tourette s syn-
drome,” International Journal of Neuroscience, vol. 112,
no. 7, pp. 797–816, 2002.

[47] E. Balandeh, M. Karimian, M. Behjati, and A. H. Mohammadi,
“Serum vitamins and homocysteine levels in obsessive-

7BioMed Research International



compulsive disorder: a systematic review and meta-analysis,”
Neuropsychobiology, vol. 80, no. 6, pp. 502–515, 2021.

[48] A. Maia, J. Oliveira, M. Lajnef et al., “Oxidative and nitrosative
stress markers in obsessive–compulsive disorder: a systematic
review and meta-analysis,” Acta Psychiatrica Scandinavica,
vol. 139, no. 5, pp. 420–433, 2019.

[49] P. Albrecht, J. Lewerenz, S. Dittmer, R. Noack, P. Maher, and
A. Methner, “Mechanisms of oxidative glutamate toxicity:
the glutamate/cystine antiporter system xc as a neuroprotec-
tive drug target,” CNS & Neurological Disorders-Drug Targets
(Formerly Current Drug Targets-CNS & Neurological Disor-
ders), vol. 9, no. 3, pp. 373–382, 2010.

[50] S. Schiavone, V. Jaquet, L. Trabace, and K.-H. Krause, “Severe
life stress and oxidative stress in the brain: from animal models
to human pathology,” Antioxidants & Redox Signaling, vol. 18,
no. 12, pp. 1475–1490, 2013.

[51] Y. Gu, C. M. Dee, and J. Shen, “Interaction of free radicals,
matrix metalloproteinases and caveolin-1 impacts blood-
brain barrier permeability,” Frontiers in Bioscience (Scholar
Edition), vol. 3, no. 3, pp. 1216–1231, 2011.

[52] U. Albert, A. Aguglia, A. Chiarle, F. Bogetto, and G. Maina,
“Metabolic syndrome and obsessive–compulsive disorder: a
naturalistic Italian study,” General Hospital Psychiatry,
vol. 35, no. 2, pp. 154–159, 2013.

[53] A. M. Ruscio, D. J. Stein, W. T. Chiu, and R. C. Kessler, “The
epidemiology of obsessive-compulsive disorder in the
National Comorbidity Survey Replication,” Molecular Psychi-
atry, vol. 15, no. 1, pp. 53–63, 2010.

[54] N. C. Brown, A. C. Andreazza, and L. T. Young, “An updated
meta-analysis of oxidative stress markers in bipolar disorder,”
Psychiatry Research, vol. 218, no. 1-2, pp. 61–68, 2014.

[55] T. Cunha-Oliveira, A. Cristina Rego, and C. R. Oliveira, “Oxi-
dative stress and drugs of abuse: an update,” Mini-Reviews in
Organic Chemistry, vol. 10, no. 4, pp. 321–334, 2013.

[56] R. Krolow, D. Arcego, C. Noschang, S. Weis, and C. Dalmaz,
“Oxidative imbalance and anxiety disorders,” Current Neuro-
pharmacology, vol. 12, no. 2, pp. 193–204, 2014.

[57] S. Jiménez-Fernández, M. Gurpegui, F. Diaz-Atienza, L. Pérez-
Costillas, M. Gerstenberg, and C. U. Correll, “Oxidative stress
and antioxidant parameters in patients with major depressive
disorder compared to healthy controls before and after antide-
pressant treatment: results from a meta-analysis,” The Journal
of Clinical Psychiatry, vol. 76, no. 12, pp. 1658–1667, 2015.

[58] S. Chakraborty, A. Dasgupta, H. N. Das, O. P. Singh, A. K.
Mandal, and N. Mandal, “Study of oxidative stress in obsessive
compulsive disorder in response to treatment with fluoxetine,”
Indian Journal of Clinical Biochemistry, vol. 24, no. 2, pp. 194–
197, 2009.

[59] U. Banerjee, A. Dasgupta, J. K. Rout, and O. P. Singh, “Effects
of lithium therapy on Na+-K+-ATPase activity and lipid per-
oxidation in bipolar disorder,” Progress in Neuro-
Psychopharmacology & Biological Psychiatry, vol. 37, no. 1,
pp. 56–61, 2012.

[60] G. S. Kirshenbaum, K. Saltzman, B. Rose, J. Petersen, B. Vilsen,
and J. C. Roder, “Decreased neuronal Na+, K+ -ATPase activ-
ity in Atp1a3 heterozygous mice increases susceptibility to
depression-like endophenotypes by chronic variable stress,”
Genes, Brain, and Behavior, vol. 10, no. 5, pp. 542–550, 2011.

[61] T. W. Robbins, M. M. Vaghi, and P. Banca, “Obsessive-com-
pulsive disorder: puzzles and prospects,” Neuron, vol. 102,
no. 1, pp. 27–47, 2019.

[62] T. W. Robbins and L. Clark, “Behavioral addictions,” Current
Opinion in Neurobiology, vol. 30, pp. 66–72, 2015.

[63] A. E. Moseley, M. T. Williams, T. L. Schaefer et al., “Deficiency
in Na, K-ATPase α isoform genes alters spatial learning, motor
activity, and anxiety in mice,” Journal of Neuroscience, vol. 27,
no. 3, pp. 616–626, 2007.

[64] J. B. Lingrel, M. T. Williams, C. V. Vorhees, and A. E. Moseley,
“Na, K-ATPase and the role of α isoforms in behavior,” Jour-
nal of Bioenergetics and Biomembranes, vol. 39, no. 5-6,
pp. 385–389, 2007.

[65] T. L. Schaefer, J. B. Lingrel, A. E. Moseley, C. V. Vorhees, and
M. T. Williams, “Targeted mutations in the Na, K-ATPase
alpha 2 isoform confer ouabain resistance and result in abnor-
mal behavior in mice,” Synapse, vol. 65, no. 6, pp. 520–531,
2011.

[66] P. Bøttger, S. Glerup, B. Gesslein et al., “Glutamate-system
defects behind psychiatric manifestations in a familial hemi-
plegic migraine type 2 disease-mutation mouse model,” Scien-
tific Reports, vol. 6, no. 1, pp. 1–21, 2016.

[67] T. H. Holm and K. Lykke-Hartmann, “Insights into the
pathology of the α3 Na+/K+-ATPase ion pump in neurologi-
cal disorders; lessons from animal models,” Frontiers in Phys-
iology, vol. 7, p. 209, 2016.

[68] G. S. Kirshenbaum, N. F. Idris, J. Dachtler, J. C. Roder, and S. J.
Clapcote, “Deficits in social behavioral tests in a mouse model
of alternating hemiplegia of childhood,” Journal of Neuroge-
netics, vol. 30, no. 1, pp. 42–49, 2016.

[69] J. W. Timothy, N. Klas, H. R. Sanghani et al., “Circadian dis-
ruptions in the Myshkin mouse model of mania are indepen-
dent of deficits in suprachiasmatic molecular clock function,”
Biological Psychiatry, vol. 84, no. 11, pp. 827–837, 2018.

[70] B. Isik, A. Ceylan, and R. Isik, “Oxidative stress in smokers and
non-smokers,” Inhalation Toxicology, vol. 19, no. 9, pp. 767–
769, 2007.

[71] W. Wonisch, A. Falk, I. Sundl, B. M. Winklhofer-Roob, and
M. Lindschinger, “Oxidative stress increases continuously with
BMI and age with unfavourable profiles in males,” The Aging
Male, vol. 15, no. 3, pp. 159–165, 2012.

[72] M. Hauschildt, R. Dar, J. Schröder, and S. Moritz, “Congru-
ence and discrepancy between self-rated and clinician-rated
symptom severity on the Yale–Brown Obsessive-Compulsive
Scale (Y-BOCS) before and after a low-intensity intervention,”
Psychiatry Research, vol. 273, pp. 595–602, 2019.

[73] M. A. Fullana, A. Abramovitch, E. Via et al., “Diagnostic bio-
markers for obsessive-compulsive disorder: a reasonable quest
or ignis fatuus?,” Neuroscience & Biobehavioral Reviews,
vol. 118, pp. 504–513, 2020.

[74] A. H. Mohammadi, E. Balandeh, J. Hasani et al., The Oxidative
Status and Na+/K+-ATPase Activity in Obsessive-Compulsive
Disorder: A Case Control Study, Research Square, 2021.

8 BioMed Research International


	The Oxidative Status and Na+/K+-ATPase Activity in �Obsessive-Compulsive Disorder: A Case Control Study
	1. Introduction
	2. Material and Method
	2.1. Subjects
	2.2. Product Number
	2.3. Collection and Preparation of Blood Samples
	2.4. Biochemical Analysis
	2.5. Ferric Reducing Antioxidant Power (FRAP) Assay
	2.6. Determination of GSH Levels
	2.7. Isolation of Erythrocyte Ghost Membrane
	2.8. Measurement of Erythrocyte Membrane and Plasma Lipid Peroxidation
	2.9. Na+/K+-ATPase Assay
	2.10. Measurement of Vitamins
	2.11. Data Analysis

	3. Result
	3.1. Subjects
	3.2. MDA, Antioxidant, and Vitamin Levels
	3.3. ATPase Activity
	3.4. Association between Parameters Related with Oxidative Stress

	4. Discussion
	Data Availability
	Ethical Approval
	Consent
	Disclosure
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments



