
INTRODUCTION

Depression is a highly debilitating disease that impacts neg-
atively on quality of life, cognitive function, and morbidity and 
mortality.1-3 Its pathogenesis is multifactorial and includes 
genetic factors, the monoamine deficiency hypothesis, dys-
regulation of the hypothalamic-pituitary-adrenal axis, altered 
glutamatergic neurotransmission, reduced GABAergic neuro-
transmission and increased inflammatory cytokine circula-
tion.4 Recently, it has been suggested that major depression is 
related to the induction of the oxidative stress pathway and 
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to a decreased antioxidant status.5 Patients diagnosed with 
major depressive disorder (MDD) have been shown to have 
increased levels of reactive oxygen species (ROS) and reactive 
nitrogen species (RNS), including peroxide and nitric oxide 
(NO),5 and reduced brain glutathione peroxidase (GSH-Px) 
levels.6 These free radicals modify cellular macromolecules 
(i.e., proteins, DNA, and lipids) and affect cellular functions,7 
including apoptosis or necrosis.8-10 Among the body organs, 
the brain is especially sensitive to oxidative damage, given its 
requirement for large amounts of oxygen and the production 
of free radicals.11,12 In this context, there is a current hypothesis 
that suppressing pro-inflammatory cytokines and ROS/RNS 
production, or enhancing antioxidant defense, are therapeu-
tic mechanisms of antidepressants.13

Previous studies have evaluated various oxidative and antioxi-
dative markers to investigate oxidative stress. For example, su-
peroxide dismutase (SOD), GSH-Px and catalase (CAT) activi-
ties, malondialdehyde (MDA) and NO levels, bilirubin, albumin, 
uric acid, and vitamins A, C, and E have been measured.5,6,14-18 
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Serum concentrations of various oxidant species can be mea-
sured; however, the measurements are time-consuming, labor-
intensive, and costly, and require specific techniques.19 For these 
reasons, recent studies have used measures of total antioxidant 
response (TAR) such as total antioxidant capacity (TAC), total 
antioxidant activity (TAA), or oxidative stress index (OSI).18,20 
These methods can provide information on an individual’s over-
all oxidant status.21 Among them, potentiometry utilizing redox 
reactions in a [Fe(CN)6]3-/[Fe(CN)6]4- redox-reagent solution 
has been considered as a simple, highly sensitive, fast, and inex-
pensive method for evaluating TAA in samples such as drinks, 
food, and blood.22 We have recently evaluated the feasibility of 
TAA evaluation using potentiometry in MDD patients.23

To our knowledge, several studies have investigated the im-
pact of antidepressant treatment on the TAR in patients with 
MDD.14,15,18 Sarandol et al.18 found no significant change in TAC 
after six weeks of antidepressant treatment. Cumurcu et al.15 re-
ported a decrease in total oxidant status (TOS) and OSI in pa-
tients given antidepressants for 12 weeks, but an increase in 
TAC. In contrast, Kotan et al.14 found that treatment for 24 
weeks resulted in decreased TAC. The aim of the present study 
was to evaluate TAA in patients with MDD and to examine the 
effect of antidepressant treatment on TAA. This is a follow-up of 
our previous study describing the novel approach of using po-
tentiometry to measure TAA in patients with major depression.

METHODS

Subjects
Twenty-eight patients diagnosed with MDD according to 

the Diagnostic and Statistical Manual of Mental Disorders, 
fourth edition (DSM-IV), were included in this study. They 
had not been taking antidepressants for at least three months 
previously. Patients were excluded if they could not complete a 
self-rating scale for disturbance of cognitive function, if they 
had experienced an acute inflammatory state within the two 
weeks prior to the study, if they had an alcohol or drug depen-
dence disorder, if they had an autoimmune disease, or if they 
were pregnant. The control group comprised 31 healthy indi-
viduals matched for gender, drinking and smoking status. In-
formed consent was obtained from all participants. The proto-
col for the trial was submitted to the Ethical Committee of 
Chuncheon Sacred Heart Hospital. The Hamilton Depression 
Rating Scale24 and the Beck Depression Inventory (BDI)25 were 
applied to patients at baseline and at four and eight weeks after 
study commencement. 

Antidepressant treatment
Antidepressant drugs were chosen for each patient accord-

ing to the results of psychiatric examination. The drugs were 

escitalopram 17.6±4.4 mg/day (n=17), duloxetine 50±17.3 
mg/day (n=3), paroxetine 14.3±4.7 mg/day (n=7), and fluox-
etine 20 mg/day (n=1), and all were used at standard antide-
pressant doses.

Sample preparation and analysis
Blood samples were withdrawn from the antecubital vein 

between 9 am and 11 am and were processed in the laboratory 
immediately after collection. Serum was collected after centri-
fuging twice for five minutes. To calculate serum TAA, a po-
tentiometry method was used. The standard solution (media-
tor system) consisted of 0.01 M K3[Fe(CN6)] and 0.1 mM 
K4[Fe(CN6)] in a phosphate buffer solution of pH 7.2. A plati-
num electrode (active area: 0.2 cm2) and an Ag/AgCl electrode 
were used as the working electrode and reference electrode, 
respectively. The value of TAA was calculated from the redox 
potential difference of the mediator system K3[Fe(CN)6]/
K4[Fe(CN)6] using an antioxidant activity measuring device 
(MPA-1, IVA Co. Ltd., Yekaterinburg, Russia). The period of 
measurement was five to ten minutes. The same procedures 
were performed for all subsequent samples, obtained at visits 
in the fourth and eighth weeks.

Statistical analysis
All statistical analyses were performed with SPSS (version 

17.0; SPSS, Inc., Chicago, IL, USA), with an alpha level of <0.05. 
Continuous variables were expressed as mean±standard devia-
tion. Categorical variables were expressed as frequency. We uti-
lized independent t-tests and analysis of variance (ANOVA) to 
compare means and ratios between controls and MDD pa-
tients. Correlations between variables were tested using Pear-
son and Spearman correlation coefficients. Discriminant anal-
ysis of the baseline TAA in the response and non-response 
groups was done with dBSTAT 5.0 (Chuncheon, Korea). 

RESULTS

Table 1 shows that the mean BDI score was higher in the 

Table 1. Demographics, mean depression scale scores and total 
antioxidant activity in individuals with major depressive disorder 
(MDD) and controls

Control (N=31) MDD (N=28)
Age (years) 38.0±13.8 35.0±14.5
Sex (female/male) 15/16 16/12
BDI (mean±SD) 5.8±4.6 28.3±9.7*
HAMD (mean±SD) - 28.4±10.3
TAA (mean±SD) 1.35±0.38 1.05±0.38**
*p<0.001, **p<0.01, independent t-test. BDI: Beck Depression In-
ventory (point score), HAMD: Hamilton Depression Rating Scale 
(point score), TAA: total antioxidant activity (mmol-eq/L)
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MDD group than in the control group (28.3±9.7 vs. 5.8±4.6, 
p<0.001). On the other hand, the average value of TAA in the 
MDD group was lower (1.05±0.38 vs. 1.35±0.38, p<0.01). We 
found that while BDI scores were negatively correlated with 
TAA (r=-0.383, p<0.01), there was no significant correlation 
between HAMD scores and TAA (Figure 1).

We subdivided the MDD group according to the response 
to antidepressant treatment. There were 16 patients whose 
HAMD score decreased by over 50% after four weeks (re-
sponse group) and 12 patients whose HAMD score changed 
by less than 50% (non-response group). In addition, the BDI 
scores were not improved after eight weeks in the non-re-
sponse group (Figure 2A and B). We evaluated TAA levels in 
the two groups after four and eight weeks of antidepressant 
treatment (Figure 2C). When we compared the MDD and 
control groups, the former showed a significantly lower TAA 
level at baseline. However, when we classified the MDD group 
according to response and then compared the three groups 
(control, response and non-response) using one-way ANOVA, 
there was no significant difference in TAA between the control 

and response groups, while the non-response group showed 
significantly lower levels of TAA than the other groups (p< 
0.005). After four weeks, TAA in both the response and non-re-
sponse groups was lower than in controls (p<0.05, p<0.005, re-
spectively). After eight weeks, the TAA level had increased in 
both MDD subgroups such that there was no significant differ-
ence among the three groups. 

Discriminant analysis showed that the mean pre-treatment 
TAA level was 1.15919 in the response group (n=15) and 
0.90358 in the non-response group (n=13). Responsivity was 
determined at four weeks after treatment. Wilks’ lambda was 
0.88735 and the F value was 3.30 (p=0.0808). Fisher’s linear 
discriminant function was as follows:

Z=1.88322×B-1.94233
B is the TAA of MDD patients before treatment. A positive Z 
value indicates the response group; a negative value indicates 
the non-response group. The discriminant power of the re-
sponse group was 50.0% and that of the non-response group 
was 75.0%. The total discriminant power was 60.7%.

 
DISCUSSION

The major findings of the present study were as follows: 1) 
There was a significant negative correlation between the sub-
jective severity of depressive disorder and the TAA level; 2) 
TAA was significantly lower in the MDD group than in con-
trols; 3) MDD patients who were non-responders to antide-
pressant treatment showed lower levels of TAA at baseline, 
while responders showed no significant difference to controls 
at baseline; and 4) After eight weeks of antidepressant treat-
ment, TAA in both response and non-response groups was 
not significantly different to controls.

Bilici et al.17 have previously reported a positive correlation 
between the severity of depression and erythrocyte SOD and 
MDA levels. Similarly, Sarandol et al.18 found a positive corre-
lation between the severity of the disease and SOD activity, 
suggesting that pro-oxidative challenge is higher in severe de-

Figure 1. Plot of Beck Depression Inventory score versus total 
antioxidant activity. Linear associations were tested using Pear-
son’s correlation analysis (p<0.01).
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Figure 2. Hamilton Depression Rating Scale score (A), Beck Depression Inventory score (B), and total antioxidant activity levels (C) in re-
sponse and non-response groups. *p<0.005, **p<0.05. HAMD: Hamilton Depression Rating Scale (point score), BDI: Beck Depression In-
ventory (point score), TAA: total antioxidant activity (mmol-eq/L).
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pression than in the mild and moderate depression. Cumurcu 
et al.15 showed a positive correlation between the severity of 
disease and serum TOS and OSI, while there was a negative 
correlation between the severity of disease and serum TAC. In 
the present study, we found a negative correlation between the 
severity of disease and TAA levels; specifically, there was a cor-
relation of TAA with BDI scores, but not with HAMD scores. 
In the East Asian cultural context, MDD patients typically re-
port somatic symptoms when they suffer from depression.26 
We suggest that these physical symptoms might be more re-
flective of the subjective severity than the objective severity of 
depressive illness. TAA levels might be an objective marker of 
both physiological status as well as psychological (i.e., depres-
sive) status in these individuals.

Sarandol et al.18 measured pre- and post-antidepressant treat-
ment serum TAC for the first time, finding that pre-treatment 
serum TAC was lower than in the control group. However, six 
weeks of antidepressant treatment with either reboxetine, ser-
traline, or venlafaxine did not change TAC or oxidative-antiox-
idative system parameters such as MDA, erythrocyte SOD ac-
tivity, Vitamin E, C, or total carotenoid levels and GSH-Px. In 
line with this study, Galecki et al.16 also showed lower levels of 
TAC before treatment in subjects with major depressive disor-
der. Following 12 weeks with fluoxetine treatment, TAC values 
were significantly lower than in controls but there were no sig-
nificant differences when measured before and after treatment. 
In contrast to these two studies, Cumurcu et al.15 found in-
creased TAC following 12 weeks of selective serotonin reuptake 
inhibitor treatment (i.e., escitalopram, paroxetine, or sertra-
line). On the other hand, Kotan et al.14 reported no difference 
in TAC between control and MDD patients before various an-
tidepressant treatments (i.e., venlafaxine, paroxetine, escitalo-
pram, sertraline, citalopram, milnacipran, fluoxetine, tianepin, 
or moclobemid). In that study, after 24 weeks, the TAC level of 
MDD patients was significantly lower than that in the control 
group. In the present study, TAA was significantly lower in the 
non-response MDD group than in controls. Following eight 
weeks of antidepressant treatment, there was no significant dif-
ference between the control and non-response MDD groups.

The decreased TAA level might indicate that the mecha-
nism of defense from oxidative stress is insufficient in patients 
with MDD, as suggested by Kotan et al. However, when we 
categorized patients with depression into two groups accord-
ing to the response to antidepressant treatment, the response 
group didn’t show any significant difference in TAA level to 
the control group before treatment, while the non-response 
group showed a significant decrease in TAA level. This finding 
suggests that individuals that respond clinically to antidepres-
sant treatment retain comparable protective mechanisms 
against oxidative stress to the control group, compared with in-

dividuals who do not respond to antidepressant treatment. Cu-
murcu et al suggested that oxidative and anti-oxidative activity 
may not change following antidepressant treatment for a rela-
tively short period of six weeks, and that long-term treatment 
of at least 12 weeks is needed for oxidative and anti-oxidative 
system parameters to be changed. The results of the present 
study showing that eight weeks of antidepressant treatment 
changed the TAA level in the non-response MDD group sug-
gest that at least eight weeks of treatment may be needed for 
any change.

If we measure TAA by potentiometry in people with MDD 
prior to treatment, we might be able to predict the responsive-
ness of patients to medication. The discriminant power of our 
results was insufficient to predict the responsivity to anti-de-
pressant drugs in MDD patients; however, the discriminant 
power of 75.0% for the non-response group might be a clue to 
predicting the therapeutic effect of the drugs in clinical practice.

There are some limitations to this study. First, the sample 
size was relatively small. Second, in assessing the effects of an-
tidepressant treatment, it should be noted that patients took 
different kinds of antidepressants. Third, there could be some 
confounding factors related to each patient’s lifestyle, since ex-
ercise and diet may affect the level of TAA. Further studies are 
required to investigate the effects of antidepressants on oxida-
tive-antioxidative systems in MDD using large samples of both 
response and non-response groups taken after various dura-
tions of treatment. Furthermore, there is growing emphasis on 
the importance of lifestyle modifications such as changes to 
exercise or diet in addition to antidepressant treatment and/or 
psychotherapy in MDD patients. Future studies should also 
investigate the association between supplementation with an-
tioxidant foods or exercise and antidepressant treatment re-
sponse and TAA in MDD patients.
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