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ABSTRACT

Introduction: Depression is associated with activation of innate
immune response leading to oxidative damage. The 8-isoprostanes
and 8-hydroxy-2-deoxyguanosine (8-OHdG) are biomarkers of
oxidative damage to lipids and Deoxyribonucleic Acid (DNA),
respectively. They have been independently linked to depression.

Aim: To study the oxidative stress markers (8-Isoprostanes and
8-OHdG) in subjects with major depression.

Materials and Methods: In this observational case-control study
42 cases of depression, 13-25 years of age were recruited from
Psychiatry Out Patient Department (OPD) at a tertiary-care
hospital in Delhi, India, along with 42 healthy controls. They
were assessed clinically and using psychometric evaluation
scores, Beck’s Depression Inventory-Il (BDI-Il) and Hamilton
Depression Rating Scale (HAM-D). All 42 subjects were on
medication with antidepressants {33/42 with Selective Serotonin
Reuptake Inhibitors (SSRI) 8/42 with Tricyclic Antidepressants
(TCA) and 1/42 on a combination of both}. Routine laboratory
investigations were done. Plasma 8-Isoprostane and serum
8-OHdG concentrations were measured in both cases and
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controls. The results obtained were analysed using relevant
statistical tests on STATA version 11 (StataCorp, 2009).

Results: Clinically, all patients had moderate to severe depression.
BDI-Il and HAM-D scores were raised in all cases as compared
to the controls (28.81+5.60 vs 1.62+1.59 for BDI and 20.88+4.67
vs 1.33+1.43 for HAM-D, respectively). The concentration (in
depressed vs controls) of plasma 8-lsoprostane (107.70+54.48
pg/mL vs 77.78+60.15 pg/mL) and serum 8-OHdG (2103.03+154
pg/mLvs2017+164.69 pg/mL) were significantly elevated (p-value
<0.05). Though elevated in patients belonging to both genders,
showed significant increase of 8-Isoprostane only in females and
8-OHdG only in males as compared to their healthy controls. No
correlation of the levels of any of two markers was seen with
clinical severity of depression of patients as assessed by BDI.

Conclusion: Evidence of oxidative stress to lipids and DNA are
present in the peripheral blood. These can be explored further
in establishing the biomarkers for diagnosis and prognosis of
depression.

Keywords: Antidepressants, Beck’s depression inventory, Biomarkers, Hamilton depression rating, Oxidative damage

INTRODUCTION

Oxidative stress is a state in which the endogenous antioxidant
defenses of the host are overcome by toxic Reactive Oxygen
Intermediates (ROI). Depression is associated with the activation
of innate immune response. Activated phagocytes produce toxic
ROI following injury and inflammation of tissues as a mechanism
to kill invading microorganisms [1]. However, these ROI not only
destroy the microbes but also destroy the lipid membranes, protein
structures, thereby destroying the antigen bearing cells [2]. There
is evidence for oxidative disturbances in major depression, as
demonstrated by oxidative marker studies and those examining the
anti inflammatory effects of antidepressants [3,4]. Isoprostanes and
8-OHdG are important biomarkers of oxidative damage to lipids
and DNA respectively which have been independently linked to
depression.

An 8-Isoprostane (8-iso Prostaglandin-F2a) is a Prostaglandin
(PG) belonging to the F2-isoprostane class that is produced by
free radical peroxidation of arachidonic acid in vivo. In humans,
oxidative damage to lipids is best assessed via levels of F2-
isoprostanes [5-7]. Levels of isoprostane are elevated in patients
suffering from depression in plasma/serum [8,9] as well as urine
[9,10]. The effect of antidepressant treatment onisoprostane levels
has also been investigated [11]. Levels of 8-iso-prostaglandin
F2o (8-isoPGF2a), are also found to be elevated in patients
with metabolic syndrome [12], coronary heart disease as well
as healthy adults with cardiovascular risk factors [13,14] (such
as smoking, hypercholesterolemia, chronic infections, obesity,
and diabetes). An 8-OHdG is a repair product of the oxidation
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of guanine in DNA, can be used to estimate the rate of oxidative
DNA damage. The importance of this lesion stems from the fact
that it is both abundant in DNA and it is mutagenic [15,16]. An
8-OHdJG present in DNA during cellular replication causes somatic
mutation that can cause carcinogenesis and also can contribute
to the pathogenesis in formation of atherosclerotic plaques [17-
19]. Some studies show that oxidative DNA damage over long
period of time can be a common pathological mechanism for
major depression and other medical co-morbidities [17,20,21].
An association between depression, its severity and levels of
8-OHdG has been examined in several cross-sectional studies.
These studies have compared healthy group serum [20] as well
as the urine sample 8-OHdG levels and found these were greater
in people suffering from major depression [21]. A single study was
identified examining changes in 8-OHdG following psychiatric
treatment [22].

It cannot be ignored that the depressed young adults are more likely
to engage in behaviours that bring about oxidative damage such as
smoking, alcohol use and decreased physical activity [23]. Along
with these factors, the increasing psychological stress and pressure
in today’s competitive world is associated with increased oxidative
stress.

Thus, by promotion of inflammatory pathways, depression leads
to increased levels of oxidised lipids and DNA. In this study,
therefore, we aimed at comparing the status of stress biomarkers
(8-Isoprostane and 8-OHAG) in peripheral blood of major depression
patients along with healthy controls and correlate their levels with
the disease severity.
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MATERIALS AND METHODS

This was a case-control observational study in which the potential
relationship of a suspected risk factor or an attribute to the disease
(oxidative damage to Lipids and DNA) is examined by comparing
the diseased and non-diseased subjects with regard to frequency of
presence of the factor(s) or attribute(s) and its/their levels in each of
the groups. The study design and the method plan were approved
by the Ethics Committee (Ref No. IESC/T-26/04.01.2013) of All
India Institute of Medical Sciences (AlIMS), Delhi, India.

In this case-control study, the levels of serum 8-OHdG and plasma
8-Isoprostane have been measured in cases diagnosed as major
depression and compared to that of their matched healthy controls.

After clinical and psychometric evaluation of the cases and
controls, blood samples (3 mL EDTA tube and 3 mL in Serum
Separator Tubes (SST)) and urine sample was collected. Laboratory
parameters studied in potential study subjects (patients and healthy
controls) included plasma 8-Isoprostane and serum 8-OHdG. Other
parameters included were haemogram, erythrocyte sedimentation
rate, plasma glucose, renal function tests, liver function tests, serum
calcium, serum phosphate, serum uric acid, serum total proteins,
serum albumin, serum total cholesterol, urine routine chemistry
and microscopy. These were carried out to rule out any co-morbid
illness in the patients and for screening of the healthy controls for
exclusion.

Inclusion and Exclusion criteria: The subjects were same as those
included in our previous study where we have seen the effect of
depression on blood brain barrier damage leading to the elevation
of levels of marker S100B in serum [24].

Cases: Forty-two diagnosed cases of depression, 13-25 years
of age were recruited from the Child-guidance and Walk-in-clinic
in the Psychiatry Department of AIIMS, New Delhi during January
2013 to June 2014. Written informed consent was taken from
subjects or guardians (or legally acceptable representative) of the
patient in case of minor subjects before inclusion in the study. They
were diagnosed with major depression by DSM-IV criteria on the
basis of Structured Clinical Interview for DSM Disorders-nonpatient
version (SCID-I/NP) [25,26]. Those suffering from any co-morbid
medical illness, present or past history of psychotic disorders, post-
traumatic stress disorder, behavioural disorder, substance abuse
within the last 12 months were excluded from the study. Others
with history of medication with antibiotics, immune modulators or
steroids, any febrile illness (temperature >99 °F) within four weeks
prior to blood collection or in females, a positive urine pregnancy
test were also excluded. Detailed present and past clinical history
along with routine hematology and biochemistry investigations were
carried for the same.

Controls: A total of 42 healthy subjects of age 13-25 years including
school going children and young adults were recruited as controls.
They were subjects of comparable age, gender and socio-economic
status (assessed by Modified Kuppuswamy’s socio-economic
scale) [27]. They had no past or present history of any DSM-IV Axis
| disorder. Consent was taken from participant or guardian in case
of minors. All of them were assessed using clinical interview along
with General Health Questionnaire-12 [28]. Control subjects were
also assessed using psychometric evaluation scores same as on
depressed subjects. Subjects with any personal or family history
of psychiatric illness, autoimmune disease, or with history of any
substance abuse were excluded. All healthy controls were free of
any acute/chronic illness within four weeks before the study. The
controls thus, included in the study had normal laboratory findings
including routine hematology and chemistry, renal and liver function
tests. Females with positive urine pregnancy test were excluded
from the study.
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Psychometric Evaluation

Psychometric evaluation was done for both the patients and control
subjects. Based on the interview, the psychiatrist rated severity of
depression on the BDI-II [29] and HAM-D [30]. For adolescents,
Stressful Life Event Scale (SLES) was also used to assess any
stressful events causing disturbance or anxiety to the patient [31]. A
local language (Hindi) version of the psychometric evaluation scales
was used wherever applicable. BDl is a 21-item, self-reported rating
inventory that measures characteristic attitudes and symptoms of
depression. HAM-D is a 21-item clinician-administered multiple-
choice measure of depression symptom severity. Both these scales
are easy to administer and their validity and applicability have been
studied in Indian population [32,33]. Both these scales have been
used in several other studies to assess the severity of depression
as well as to assess the response to treatment. Also, SLES have
been used to assess the presence of stressors/stressful events in
an individual’s life within the past one year. This scale has been used
for the depressed adolescents too [31].

Laboratory Method

A 3 mL of blood in EDTA vial, 3 mL of blood in plain SST and an early
morning urine specimen was collected after the clinical diagnosis was
made. Serum was separated from the SST tube by centrifugation.

Routine medical assessment and laboratory investigations (complete
blood count from EDTA sample, kidney and liver function tests from
the serum and urine examination) were done for all participants to
exclude those with any medical condition.

Rest of the EDTA sample was centrifuged to obtain Plasma. Following
this, serum levels of 8-OHdG and plasma levels of 8-Isoprostane
were estimated using the commercially available ELISA kits following
the prescribed method by the manufacturer.

Plasma 8-Isoprostane and serum 8-OHAG were measured by
competitive Immunoassay in duplicate for each serial aliquots using
Cayman Chemical's ACE™ Enzyme Immunoassay (EIA) kit The
absorbance was read in duplicate using a Bio-Rad xMark microplate
reader (Bio-Rad Laboratories, Hercules, CA, USA) at 420 nm. The
intra-assay and inter-assay coefficients of variation for all analyses
were less than 4%. The mean of available duplicate sample values
was used.

The specificity of measurement of serum 8-OHdG, indicative
of oxidative damage of DNA/RNA, by EIA with monoclonal
antibody, although was high, it had some cross reactivity with
8-hydroxyguanosine and 8-hydroxyguanine.

STATISTICAL ANALYSIS

STATA version 11 (StataCorp, 2009) was used for statistical analysis.
Two-tailed unpaired Student’s t-test was used if the distribution
of response variable was normal (8-OHdG) and Mann-Whitney U
test was used when the distribution of variable was non-normal
(8-Isoprostane). The p-values of <0.05 were regarded as statistically
significant. All the psychometric scales: BDI, HAM-D and SLES
were considered ordinal variables, Mann Whitney U test was done
for comparisons between the depressed and healthy subjects as
well as gender-wise comparisons. For intergroup comparisons in
more than equal to three groups, Kruskal-Wallis one-way analysis
of variance was used. The Bonferroni correction method was used
for post-hoc comparisons, the significance level for which was set
at level of p <0.016. Pearson’s correlation coefficient was used to
assess the relation amongst the markers as well as the markers with
psychometric evaluation score BDI.

RESULTS

The demographic and clinical characteristics of 42 cases and
42 controls were assessed [Table/Fig-1,2]. The study subjects
were 13-25 years of age. There was no significant difference in
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the age (19.81+4.26 years vs 20.62+4.0 years; p-value=0.186),
male/female ratio (25 males/17 females vs 23 males/19 females;
p-value=0.330) and BMI (23.29+1.34 kg/m? vs 23.68+1.68 kg/m?;
p-value=0.120) between the depressed and healthy controls,
respectively. Thus, the two groups were satisfactorily comparable.
Mean duration ofillness of the depressed subjects was 15.95+11.53
months. The average duration of current episode was 4.71+1.63
months. All the 42 subjects were on antidepressants as mentioned
in [Table/Fig-2].

Depressed Healthy controls
Variables n % n %
Age (years)
13-14 5 11.9 3 714
16-17 11 26.2 8 19.05
18-20 5 11.9 9 21.43
21-23 8 19.05 7 16.67
24-25 13 30.95 15 35.71
Gender
Male 25 59.52 23 54.76
Female 17 40.48 19 45.24
Total 42 100 42 100

[Table/Fig-1]: Age and Gender distribution of depressed subjects and healthy

controls.

Variables Value

Mean duration of illness 15.95+11.53 months
Mean duration of current episode 4.71+1.63 months
Average number of episodes of major depression 1.79+0.72
Number of cases on treatment 42/42
Number of cases on treatment with Selective Serotonin 33/42
Reuptake Inhibitors (SSRI) out of total

Number of cases on treatment with Tricyclic 8/40
Antidepressants (TCA) out of total

Number of cases on treatment with combination 1/42
SSRI+TCA out of total

Cases with family history of depression 12/42

[Table/Fig-2]: Clinical characteristics of depressed subjects.

*42 is the total number of depressed subjects included in the study

Psychometric evaluation scores: BDI scores, HAM-D scores and
SLES, as expected were found to be significantly higher in patients
as compared to the control groups (p-value <0.001 for all three
respectively) [Table/Fig-3]. A total five (all males) out of 42 patients
and four (all males) out of 42 controls were smokers and few
consumed alcohol occasionally, taking an average of two drinks
(60 mL) per week. None of our patients was a substance abuser.

Depressed Healthy controls

Parameters p-

measured (pg/mL) Mean SD Mean SD value
BDI 28.81 5.60 1.62 1.59 <0.001
HAM-D 20.88 4.67 1.33 1.43 <0.001
SLES 6.17 2.98 1.58 1.30 <0.001
8-Isoprostane (pg/mL) 107.70 54.48 77.78 60.15 0.010
8-OHdG (pg/mL)* 2103.03 154.00 2017.09 164.69 0.008

[Table/Fig-3]: Psychometric evaluation scores, concentration of plasma 8-Isoprostane
and serum 8-hydroxy-2-deoxyguanosine in depressed subjects as compared to healthy

controls.
Mann Whitney U test used for comparison across the groups; *Unpaired t-test used
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Levels of both markers namely 8-Isoprostane and 8-OHdG were
significantly higher in the patient group when compared to the
control group [Table/Fig-3].

The BDI and HAM-D scores were found equally significant in both
female and male groups when compared to their respective healthy
controls. Plasma 8-Isoprostane levels were 126.43+61.70 pg/mL in
depressed females as compared to 87.22+35.12 pg/mL in healthy
females (p=0.023). Serum 8-OHdJG levels were 2153.72+136.07 pg/
mL in depressed males as compared to 2042.25+145 pg/mL in
male healthy controls (p=0.009) [Table/Fig-4].

Depressed Healthy controls

Parameters Mean SD Mean SD p-value

Male 29.20 5.74 1.30 1.40 <0.001
BDI

Female 28.24 5.49 2.00 1.76 <0.001

Male 20.44 413 1.00 117 <0.001
HAM-D

Female 21.58 5.42 1.74 1.63 <0.001
8-Isoprostane Male 94.96 45.99 69.99 74.78 | 0.166
(pg/mL) Female | 12643 | 61.70 | 87.22 | 35.12 | 0.023

Male 21638.72 | 136.07 | 2042.25 | 145.00 | 0.009
8-OHdG (pg/mL)*

Female 2028.48 | 151.91 | 1986.64 | 185.18 | 0.467

[Table/Fig-4]: Gender wise comparison within depressed and healthy subjects.

Mann-Whitney U test used for comparison across the groups; *Unpaired t-test used

In patients group, Pearson’s correlation coefficient was calculated
to see the relation of severity of the patients as calculated by the BDI
scores with the levels of both markers as shown in [Table/Fig-5].

Depressed Healthy controls

BDI Vs. Markers Females | Males | Overall | Females | Males | Overall

Correlation 0.176 0.277 | 0.192 0.261 0.299 | 0.281
8-Isoprostane

p-value 0.499 0.180 | 0.222 0.280 0.165 | 0.071

Correlation 0.299 -0.330 | -0.027 | -0.212 | 0.200 | -0.070
8-OHdG

p-value 0.243 0.107 | 0.864 0.384 0.360 | 0.658

[Table/Fig-5]: Correlation of the markers with the clinical severity of the patient as

assessed by BDI scores. Pearson’s correlation coefficient was used to assess the
relation.

No significant relation was seen between the severity of depression
in the patient group and the increase in levels of these markers.

Pearson’s correlation to find out any relation between the raised
values of two markers showed no significant difference (r-value:
0.056, p-value 0.616). Thus, the rise in their values in the depressed
patients was independent of each other and are independently
related to depression.

The time from diagnosis and initiation of treatment to inclusion
of subject in the study was noted for these depressed subjects.
Analysis of Variance (ANOVA)/Kruskal Wallis test were used to study
the effect of treatment (t/t) with antidepressants for the duration
of illness. Subjects were divided as those whose total duration of
illness and medication was less than six months and those with
more than six months.

Oncomparisonitwas foundthatin theinitial six months, 8-Isoprostane
was not significantly higher than healthy controls however as the
duration increased 8-Isoprostane increased becoming significantly
higher than healthy controls. However, 8-OHdG was higher than
healthy controls throughout although significant only in first six
months [Table/Fig-6].

<6 months, A >6 months, B Healthy controls, C p-value
Parameter
(pg/mL) Mean SD Mean SD Mean SD Overall AVs.B AVs.C BVs.C
8-Isoprostane 85.91 30.73 117.46 60.19 77.78 60.15 0.017 0.299 1.000 0.015
8-OHdG 2148.91 131.14 2082.46 161.06 2017.09 164.69 0.025 0.641 0.032 0.277

[Table/Fig-6]: Effect of duration of treatment on mean levels of the markers in study group as compared to the healthy controls.
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DISCUSSION

The first appearance of depression occurs during childhood or
adolescence. Depression in adolescents can be considered as an
early-onset sub-form of the adult-equivalent form and has strong
links with recurrence later in life [34]. This is the reason for choosing
patients from young age group, including individuals in adolescence
and early adulthood, which constitutes a considerably large portion
of population of India.

Clinical depression is associated with increased oxidative stress that
may represent a common pathophysiological mechanism making
the patient vulnerable to comorbid medical illness. This may also be
due to altered life-style behaviour in the young depressed patients
such as smoking, reduced physical activity, inappropriate diet,
alcohol/substance abuse etc., that may lead to increased oxidative
stress and damage. In this study, we ruled out most of these life-
style variables by taking SES-matched patients and controls along
with comparison of their BMI, annual income, education, smoking
habit and alcohol consumption. It was found that none of these were
significantly different between depressed group and healthy groups
of subjects except alcohol intake that was found to be slightly higher
in the depressed subjects although the difference was not significant
(p-value=0.030). However, we were not able to completely rule out
the dietary differences between the two groups. The effect of illness
modifying factors like BMI, smoking habit, and alcohol consumption
which might have effect on the levels of these oxidative damage
indicators was also studied by Yager S et al., 2010 [9].

Ruling out of comorbid acute infections and chronic disease using
established exclusion criteria removed the possibility of confounding
of result by any alternative disease process or treatment regime,
thus further increasing the strength of the study.

As expected the psychometric evaluation scores BDI, HAM-D and
SLES were significantly increased in the major depression patients
as compared to the healthy controls. The degree of depression
in these cases ranged from moderate to severe at the time of
assessment.

On an average, the duration of current illness in months was
4.71+1.63 months and all the patients were on antidepressant
medications, TCA/SSRI/both for a variable duration of time.

Oxidative damage to lipids is best assessed via levels of F2-
Isoprostanes which are specific products of lipid peroxidation. Our
results show a significant increase in plasma levels of 8-Isoprostane
(107.70+£54.48 pg/mL vs. 77.78+60.15 pg/mL; p-value=0.010)
in patients with depression when compared to healthy controls.
Concurring with the result of our study, serum and plasma levels
of 8-Isoprostanes were found to be elevated in patients suffering
from depression when compared to healthy comparison group
in the study by Dimopoulos N et al., in 2008 and Yager S et al.,
in 2010, respectively [8,9]. High urinary concentrations of 8-iso-
PGF2a and also its B-oxidation metabolite, 2,3-dinor-5,6- dihydro-
15-F 2t-isoprostane (F2-isoPM) have also been reported in the
depressed patients as compared to healthy controls [10,11]. Why
lipid peroxidation would increase in the state of depression is not
known. Whether it is specific for neurons, glia or peripheral cells
is also not known. Further studies are essential to identify whether
this lipid peroxidation is generalised or specific to parts of brain or
happens elsewhere also in the body.

The effect of antidepressant treatment on isoprostane levels was
investigated in one of the studies which showed that the urinary
excretion of F2-Isoprostanes increased significantly following eight
weeks of treatment with bupropion or sertraline in patients with major
depression associated with improvement in depression severity
[11]. This was in contrast to the hypothesis that antidepressants
should play a role to decrease the levels of oxidative stress and their
biomarkers. However, the number of subjects included in this study
was 18 and those followed-up were only 9, is a very small number
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to develop any generalised conclusion [11]. Moreover, one of the
limitations of this kind of study as by Chung CP et al., in 2013 was
that the markers of inflammation and metabolic variables beyond
body mass index were not collected to rule out the association
of oxidative stress and depression independent of any other
inflammatory process in the body [11].

An 8-OHdG is a repair product of the oxidation of guanine in DNA,
and its level can be used to estimate the rate of oxidative DNA
damage. We found a significant increase in serum levels of 8-OHdG
(2103.03+154.0 pg/mLvs. 2017.09+164.69 pg/mL; p-value=0.008)
in patients with depression when compared to healthy controls.
Other studies have compared 8-OHdG levels in serum [20] as well
as the urine sample [21] of depressed patients and found the levels
greater in people suffering from major depression. Another study
on unipolar and bipolar patients with severe depression found that
there are no differences in urinary 8-OHdG between depressed
and healthy samples, however, its Ribonucleoside (RNA) analogue,
8-oxo- 7,8-dihydroguanosine (8-oxoGuo), was higher in depressed
patients [22]. In community based populations suffering from
depressive symptoms, no differences were found in 8-OHdG levels
when compared with those without depressive symptoms [35,36].
These findings may indicate the decreased or complex interactions
between mild forms of depression and systemic oxidative DNA
damage and repair in normal population. As mentioned, it is
also not known whether the DNA damage is neuron- specific or
originates from the peripheral non-neuronal tissues/cells. A study
that examined the changes in 8-OHdG following treatment found
that there was no change in the urinary excretion of 8-OHdJG levels
on treatment with Electroconvulsive Therapy (ECT). But excretion of
its RNA analogue, 8-oxoGuo, was found increased significantly in
urine of participants with major depression [22].

In contrast to all these older findings and our study results, a recent
study on a large cohort by Black CN et al., however, concluded that
elevated oxidative stress marker of 8-OHdG and F2 Isoprostanes
was not seen in major depression and anxiety disorders. But
antidepressant use was associated with lower oxidative DNA
damage, suggesting the antioxidant effect of antidepressants [37].

The present study has also shown that the elevation of two
markers, namely 8-Isoprostane and 8-OHdG, are not dependent
on each other and thereby are independently related to
depression. The study of Forlenza MJ and Miller GE on 8-OHdAG
in 2006 and the study of Yager S et al., in 2010 in same group
of depressed population on 8-Isoprostane show similar results
indicating the rise were independent of each other [9,20]. The
explanation for this could be brought from facts that DNA is inside
the nucleus of cells while oxidative damage to the lipids takes
place in plasma or cell membranes. Within these two different
compartments the source and type of reactive oxygen species as
well as the antioxidants differ. Another factor is worth mentioning
here that the antioxidant scavenging mechanisms and DNA repair
mechanism can possibly be different within individuals.

Gender bias for serum 8-OHdG level, which was significantly
higher in males as compared to the females in the present study.
When similar gender subjects, depressed and healthy controls,
were compared it was found that significantly higher levels of
8-Isoprostane were present only in females as compared to their
healthy control counterparts and not in the males. Regarding
oxidative damage, not many studies have noted the gender bias/
differences for the levels of 8-Isoprostane or 8-OHJG. However, in
one study, depressed elderly men were found to have higher urinary
concentrations of 8-iso-PGF2a. as compared to non-depressed
men even after adjustment for multiple socio-demographic, lifestyle
and health factors [10] whereas this association was not present
in women. Exact reason for these differences is not known. The
reasons could be the differences in coping mechanisms for stress in
male and female, their different endocrine milieu, role of family, and
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differences in cognitive ability of male and female. But we wonder
why oxidative damage to lipids occur mostly in females and to DNA
mostly in males.

Another interesting facet of such study was to look into the relation
of the levels of these markers with the severity of depression. Our
study had shown no correlation of 8-Isoprostane (p-value=0.222) and
8-OHdG (p-value=0.864) markers to BDI scores in the depressed
individuals. HAM-D severity ratings within the depressed cohort in
the study by Yager S et al., in 2010 have also showed that there
was no significant association between the severity of symptoms
and levels of 8-iso-PGF2a. suggesting probably that the increase
in stress marker is threshold-dependent rather than bearing a dose
response relationship [9]. In some studies, levels of 8-OHAG have
shown a positive correlation with the severity of depression [20,22].
Patients having major depression had higher levels than those with
minor depression. Patients with recurrent episodes of depression
had higher levels than those with single episodes [20]. The reasons
for such difference among these studies and our study may be due
to our small sample size and heterogeneity in the clinical characters
of the depressed patients. It may also be because the previously
mentioned studies had compared non-medicated individuals. In our
study, all the patients were on treatment for an average duration of
their iliness. Moreover, most of the patients had moderate to severe
degree of depression at the time of assessment by psychometric
evaluation scores.

To study the effect of treatment, the levels of plasma 8-Isoprostane
and serum 8-OHdG were compared against that of healthy control
between those who were on treatment for less than and more than six
months. It was seen that the levels of 8-Isoprostane were significantly
higher in the depressed patients with more than six months of iliness
and medication than the healthy controls (p-value=0.015) whereas
the serum levels of 8-OHdG in depressed patients with less than
six months of depression and treatment were significantly higher
than the controls (p-value=0.032). Patients who were on treatment
for more than six months did not have elevated 8-OHdG levels as
compared to the controls (p-value=0.277). Whether this difference
is an effect of treatment or it is because of the duration of illness
could not be ascertained in the present study. The previous studies
have shown decrease in markers of oxidative stress following
antidepressant treatment [38,39]. One study on the urinary excretion
of F2-Isoprostane showed an increase in its excretion after effective
treatment of depression [11]. But their sample size was too small
to state definitively any possible reasons but they postulated that
effective treatment of depression could result in another change
like obesity or improved appetite and resulted in weight gain which
could be the reason for increased oxidative stress. This might cause
increased excretion of F2-Isoprostane post-medication. Single study
examining the changes in 8-OHJG following psychiatric treatment
found no change in 8-OHAG levels following ECT although its RNA
analogue, 8-oxoGuo, increased significantly [22].

The effect of therapy on biomarkers has primarily focused on
antidepressant medication and ECT. Research in other alternate
treatments such as psychological therapy and lifestyle interventions
(e.q., sleep, diet and exercise) has been lacking. The influence of more
targeted anti-inflammatory treatments and antioxidant therapies on
depressive symptoms and biomarker levels are also required. Not
enough literature regarding the effect of antidepressants on oxidative
damage could be found. There is a need for large longitudinal
studies to see the antioxidant effect of antidepressants.

Nevertheless, the strength of our study had been that it consisted of
a homogeneous population of depression patients in adolescence
and early adulthood of Indian origin from a uniform socio-economic
status and comparable controls were taken up for the study. Two
oxidative stress markers, 8-Isoprostane and 8-OHdG, were studied
together in a moderately large number of depressed patients and
controls. We could exclude in our subjects most of the factors
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which could lead to comorbidity. It removed the possibility of
confounding by alternative disease process or treatment regimens
further increasing the strength of the study.

Limitation(s)

Since the study was carried out in a tertiary care hospital where
almost all the patients are referred from other places, we could
not get any medication-naive patients. Thus, a baseline level of
these markers prior to medication could not be established. The
heterogeneity in the duration of illness and medication status in
these patients was a limitation of the study. Patients included in the
study were all on antidepressants for a variable duration of time. The
effect of other antioxidants in diet could not be studied; they might
play a role in reducing the effect of oxidative stress in depression.
Also, we were not able to completely rule out the dietary differences
between the two groups. Another limitation was the small sample
size of the study.

CONCLUSION(S)

Major depression subjects have higher levels of oxidative stress
markers 8-Isoprostane and 8-hydroxy-2-deoxyguanosine in peripheral
blood in comparison to healthy controls of comparable age and gender.
The gender difference was specific infemales for plasma 8-Isoprostane,
and in males for serum 8-OHdAG when compared to their respective
healthy control group. No significant relation was seen between the
severity of depression in the patient group and the increase in levels
of these oxidative markers. More multicentric and population-based
studies are required to conclude 8-Isoprostane and 8-hydroxy-2-
deoxyguanosine as the biomarkers of stress in depression.

REFERENCES

[1] Babior BM. Phagocytes and oxidative stress. Am J Med. 2000;109(1):33-44.

[2] Simic MG. DNA markers of oxidative processes in vivo: Relevance to
carcinogenesis and anticarcinogenesis. Cancer Res. 1994;54(7 Suppl):1918s-23s.

[38] Shimanoe C, Hara M, Nishida Y, Nanri H, Horita M, Yamada Y, et al. Perceived
stress, depressive symptoms, and oxidative DNA damage. Psychosom Med.
2018;80(1):28-33.

[4] Black CN, Bot M, Scheffer PG, Cuijpers P, Penninx BW. Is depression associated
with increased oxidative stress? A systematic review and meta-analysis.
Psychoneuroendocrinology. 2015;51:164-75.

[5] Halliwell B. Lipid peroxidation, antioxidants and cardiovascular disease: How
should we move forward? Cardiovasc Res. 2000;47(3):410-18.

[6] Patrignani P, Tacconelli S. Isoprostanes and other markers of peroxidation in
atherosclerosis. Biomarkers. 2005;10 Suppl 1:524-29.

[7]1 Roberts LJ, Morrow JD. Measurement of F(2)-isoprostanes as an index of
oxidative stress in vivo. Free Radic Biol Med. 2000;28(4):505-13.

[8] Dimopoulos N, Piperi C, Psarra V, Lea RW, Kalofoutis A. Increased plasma levels
of 8-iso-PGF2alpha and IL-6 in an elderly population with depression. Psychiatry
Res. 2008;161(1):59-66.

[9] Yager S, Forlenza MJ, Miller GE. Depression and oxidative damage to lipids.
Psychoneuroendocrinology. 2010;35(9):1356-62.

[10] Milaneschi Y, Cesari M, Simonsick EM, Vogelzangs N, Kanaya AM, Yaffe K, et
al. Health ABC study. Lipid peroxidation and depressed mood in community-
dwelling older men and women. PLoS One. 2013;8(6):e65406.

[11] Chung CP, Schmidt D, Stein CM, Morrow JD, Salomon RM. Increased oxidative
stress in patients with depression and its relationship to treatment. Psychiatry
Res. 2013;206(2-3):213-16.

[12] Black CN, Bot M, Scheffer PG, Penninx BW. Sociodemographic and
lifestyle determinants of plasma oxidative stress markers 8-OHdG and F2-
Isoprostanes and associations with metabolic syndrome. Oxid Med Cell Longev.
2016;2016:7530820.

[13] Milne GL, Musiek ES, Morrow JD. F2-isoprostanes as markers of oxidative stress
in vivo: An overview. Biomarkers. 2005;10 Suppl 1:510-23.

[14] Morrow JD. Quantification of isoprostanes as indices of oxidant stress and the risk
of atherosclerosis in humans. Arterioscler Thromb Vasc Biol. 2005;25(2):279-86.

[15] Cheng KC, Cahill DS, Kasai H, Nishimura S, Loeb LA. 8-Hydroxyguanine, an
abundant form of oxidative DNA damage, causes G----T and A----C substitutions.
J Biol Chem. 1992;267(1):166-72.

[16] Kuchino Y, Mori F, Kasai H, Inoue H, lwai S, Miura K, et al. Misreading of DNA
templates containing 8-hydroxydeoxyguanosine at the modified base and at
adjacent residues. Nature. 1987;327(6117):77-79.

[17] Andreassi MG. Coronary atherosclerosis and somatic mutations: An overview of
the contributive factors for oxidative DNA damage. Mutat Res. 20083;543(1):67-86.

[18] Andreassi MG, Botto N, Colombo MG, Biagini A, Clerico A. Genetic instability
and atherosclerosis: Can somatic mutations account for the development of
cardiovascular diseases? Environ Mol Mutagen. 2000;35(4):265-69.



Parul Chopra et al., Oxidative Stress Markers in Depression

)

[20]

[21]

[22]

[23]
[24]
[25]

[26]

[27]
[28]

[29]

Sarandol A, Sarandol E, Eker SS, Karaagac EU, Hizli BZ, Dirican M, et al.
Oxidation of apolipoprotein B-containing lipoproteins and serum paraoxonase/
arylesterase activities in major depressive disorder. Prog Neuropsychopharmacol
Biol Psychiatry. 2006;30(6):1103-08.

Forlenza MJ, Miller GE. Increased serum levels of 8-hydroxy-2'-deoxyguanosine
in clinical depression. Psychosom Med. 2006;68(1):01-07.

Maes M, Mihaylova |, Kubera M, Uytterhoeven M, Vrydags N, Bosmans E.
Increased 8-hydroxy-deoxyguanosine, a marker of oxidative damage to DNA,
in major depression and myalgic encephalomyelitis/chronic fatigue syndrome.
Neuro Endocrinol Lett. 2009;30(6):715-22.

Jorgensen A, Krogh J, Miskowiak K, Bolwig TG, Kessing LV, Fink-densen A,
et al. Systemic oxidatively generated DNA/RNA damage in clinical depression:
Associations to symptom severity and response to electroconvulsive therapy. J
Affect Disord. 2013;149(1-3):355-62.

Miller GE, Cohen S, Herbert TB. Pathways linking major depression and immunity
in ambulatory female patients. Psychosom Med. 1999;61(6):850-60.

Arora P, Sagar R, Mehta M, Pallavi P, Sharma S, Mukhopadhyay AK. Serum
S100B levels in patients with depression. Indian J Psychiatry. 2019;61(1):70-76.
Bell CC. DSM-IV: Diagnostic and statistical manual of mental disorders. JAMA.
1994;272(10):828-29.

First MB, Spitzer RL, Miriam G, Williams Janet BW. Structured clinical interview
for DSM-IV-TR Axis | disorders, research version, non-patient edition. (SCID-I/
NP). New York: Biometrics Research, New York State Psychiatric Institute;
November, 2002.

Kumar N, Shekhar C, Kumar P, Kundu AS. Kuppuswamy’s socioeconomic
status scale-updating for 2007. Indian J Pediatr. 2007;74(12):1131-32.
Goldberg DP, Williams P. A User’s Guide to the General Health Questionnaire.
Windsor UK: NFER Nelson; 1988.

Beck AT, Ward CH, Mendelson M, Mock J, Erbaugh J. An inventory for measuring
depression. Arch Gen Psychiatry. 1961;4:561-71.

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

www.jcdr.net

Hamilton M. A rating scale for depression. J Neurol Neurosurg Psychiatry.
1960;23:56-62.

Mehta M, Pande P. Stress in School Children. Proceedings of the 5" Biennial
Conference IACAMH. Bangalore: NIMHANS. 2001; Pp. 158-63.

Basker M, Moses PD, Russell S, Russell PS. The psychometric properties
of Beck Depression Inventory for adolescent depression in a primary-care
paediatric setting in India. Child Adolesc Psychiatry Ment Health. 2007;1(1):08.
Doi: 10.1186/1753-2000-1-8.

Prasad MK, Udupa K, Kishore KR, Thirthalli J, Sathyaprabha TN, Gangadhar BN.
Inter-rater reliability of Hamilton depression rating scale using video-recorded
interviews- Focus on rater-blinding. Indian J Psychiatry. 2009;51(3):191-94.
Birmaher B, Ryan ND, Wiliamson DE, Brent DA, Kaufman J, Dahl RE, et al.
Childhood and adolescent depression: A review of the past 10 years. Part I. J
Am Acad Child Adolesc Psychiatry. 1996;35(11):1427-39.

lida T, Chikamura C, Inoue K, Ito Y, Ishikawa H, Teradaira R, et al. Association of STAI
and SDS scores with 8-hydroxydeoxyguanosine and serotonin levels in young women
with depressive symptoms. J Neuropsychiatry Clin Neurosci. 2011;23(1):E10.

Yi S, Nanri A, Matsushita Y, Kasai H, Kawai K, Mizoue T. Depressive symptoms
and oxidative DNA damage in Japanese municipal employees. Psychiatry Res.
2012;200(2-3):318-22. Doi: 10.1016/}.psychres.2012.05.035. Epub 2012 Jun 23.
Black CN, Bot M, Scheffer PG, Penninx BW. Oxidative stress in major depressive
and anxiety disorders, and the association with antidepressant use; results
from a large adult cohort. Psychol Med. 2017;47(5):936-48. Doi: 10.1017/
S0033291716002828. Epub 2016 Dec 8.

Bilici M, Efe H, Kéroglu MA, Uydu HA, Bekaroglu M, Deger O. Antioxidative
enzyme activities and lipid peroxidation in major depression: Alterations by
antidepressant treatments. J Affect Disord. 2001;64(1):43-51.

Khanzode SD, Dakhale GN, Khanzode SS, Saoji A, Palasodkar R. Oxidative
damage and major depression: The potential antioxidant action of selective
serotonin re-uptake inhibitors. Redox Rep. 2003;8(6):365-70.

PARTICULARS OF CONTRIBUTORS:
Assistant Professor, Department of Laboratory Medicine, All India Institute of Medical Sciences, Delhi, India.
2. Professor, Department of Psychiatry, All India Institute of Medical Sciences, Delhi, India.
3. Professor, Department of Pathology, North DMC Medical College and Hindu Rao Hospital, Delhi, India.

1.

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:
Dr. Asok Kumar Mukhopadhyay,

Professor, Department of Pathology, North DMC Medical College and
Hindu Rao Hospital, Delhi-110007, India.

E-mail: mukhoak1953@gmail.com

AUTHOR DECLARATION:

e Financial or Other Competing Interests:

None

e Was Ethics Committee Approval obtained for this study? Yes
¢ Was informed consent obtained from the subjects involved in the study? Yes

* For any images presented appropriate consent has been obtained from the subjects.

PLAGIARISM CHECKING METHODS: @an Hetall

ETYMOLOGY: Author Origin

o Plagiarism X-checker: Nov 13, 2021
* Manual Googling: Mar 13, 2021
o iThenticate Software: Apr 08, 2021 (24%)

NA

Date of Submission: Nov 12, 2020
Date of Peer Review: Jan 09, 2021
Date of Acceptance: Mar 19, 2021

Date of Publishing: Jun 01, 2021

Journal of Clinical and Diagnostic Research. 2021 Jun, Vol-15(6): VC01-VC06



